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PROSTATE-ASSOCIATED ANTIGENS AND
VACCINE-BASED IMMUNOTHERAPY
REGIMENS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a division of application Ser. No.
13/875,162 filed on May 1, 2013, now allowed, which
claims benefit of U.S. Provisional Application No. 61/642,
844 filed on May 4, 2012. Both application Ser. No. 13/875,
162 and U.S. Provisional Application No. 61/642,844 are
incorporated herein by reference in their entirety.

REFERENCE TO SEQUENCE LISTING

This application is being filed along with a sequence
listing in electronic format. The sequence listing is provided
as a file in .txt format entitled “PC71854B_SEQ
LISTING_ST25.TXT”, created on Jan. 5, 2016 and having
a size of 260 KB. The sequence listing contained in the .txt
file is part of the specification and is herein incorporated by
reference in its entity.

FIELD OF THE INVENTION

The present invention relates generally to immunotherapy
and specifically to vaccines and methods for treating or
preventing neoplastic disorders.

BACKGROUND OF THE INVENTION

Cancer is a leading cause of mortality worldwide. Tradi-
tional regimens of cancer management have been successful
in the management of a selective group of circulating and
solid cancers. However, many tumors are resistant to tradi-
tional approaches. In recent years, immunotherapy for the
treatment of cancers has been explored, which involves the
generation of an active systemic tumor-specific immune
response of host origin by administering a vaccine compo-
sition at a site distant from the tumor. Various types of
vaccines have been proposed, including those containing
isolated tumor-associated antigens.

Prostate cancer is the second most commonly diagnosed
cancer and the fourth leading cause of cancer-related death
in men in the developed countries worldwide. Various
prostate-associated antigens (PAA), such as prostate-specific
antigen (PSA), prostate-specific membrane antigen
(PSMA), and prostate stem cell antigen (PSCA) have been
shown to be overexpressed by prostate cancer cells as
compared to normal counterparts. These antigens, therefore,
represent possible targets for inducing specific immune
responses against cancers expressing the antigens via the use
of vaccine-based immunotherapy. (see e.g. Marrari, A., M.
lero, et al. (2007). “Vaccination therapy in prostate cancer.”
Cancer Immunol Immunother 56(4): 429-45.)

PSCA is a 123-amino acid membrane protein. The amino
acid sequence of the full length human PSCA consists of
amino acids 4-123 of SEQ ID NO:21. PSCA has high tissue
specificity and is expressed on more than 85% of prostate
cancer specimens, with expression levels increasing with
higher Gleason scores and androgen independence. It is
expressed in 80-100% of bone metastasis of prostate cancer
patients.

PSA is a kallikrein-like serine protease that is produced
exclusively by the columnar epithelial cells lining the acini
and ducts of the prostate gland. PSA mRNA is translated as
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an inactive 261-amino acid preproPSA precursor. Prepro-
PSA has 24 additional residues that constitute the pre-region
(the signal polypeptide) and the propolypeptide. Release of
the propolypeptide results in the 237-amino acid, mature
extracellular form, which is enzymatically active. The amino
acid sequence of the human full length PSA is provided in
SEQ ID NO: 15. PSA is organ-specific and, as a result, it is
produced by the epithelial cells of benign prostatic hyper-
plastic (BPH) tissue, primary prostate cancer tissue, and
metastatic prostate cancer tissue.

PSMA, also known as Folate hydrolase 1 (FOLH1), is
composed of 750 amino acids. The amino acid sequence of
the human full length PSMA is provided in SEQ ID NO:1.
PSMA includes a cytoplasmic domain (amino acids 1-19), a
transmembrane domain (amino acids 20-43), and an extra-
cellular domain (amino acids 44-750). PSMA is a type 11
dimeric transmembrane protein expressed on the surface of
prostate cancer cells and on neovasculature. It is also
expressed on normal prostate cells, brain, salivary gland and
biliary tree. However, in prostate cancer cells it was found
to be expressed at 1000-fold higher levels than normal
tissues. It is abundantly expressed on neovasculature of a
variety of other solid tumors such as colon, breast, liver,
bladder, pancreas, lung, renal cancers as well as melanoma
and sarcomas. Thus, PSMA is considered a target not only
specific for prostate cancer cells but also a pan-carcinoma
target for other cancers. The expression of PSMA appears to
be a universal feature of prostate carcinomas and its
increased expression correlates with tumor aggressiveness.
PSMA expression is highest in high-grade tumors, meta-
static lesions and androgen-independent disease.

While a large number of tumor-associated antigens have
been identified and many of these antigens have been
explored as protein-based or DNA-based vaccines for the
treatment or prevention of cancers, most clinical trials so far
have failed to produce a therapeutic product. One of the
challenges in developing cancer vaccines resides in the fact
that the cancer antigens are usually self-derived and, there-
fore, poorly immunogenic because the immune system is
self-regulated not to recognize self-proteins. Accordingly, a
need exists for a method to enhance the immunogenicity or
therapeutic effect of cancer vaccines.

Numerous approaches have been explored for enhancing
the immunogenicity or enhancing anti-tumor efficacy of
cancer vaccines. One of such approach involves the use of
various immune modulators, such as TLR agonists, TNFR
agonists, CTLA-4 inhibitors, and protein kinase inhibitors.

Toll-like receptors (TLRs) are type 1 membrane receptors
that are expressed on hematopoietic and non-hematopoietic
cells. At least 11 members have been identified in the TLR
family. These receptors are characterized by their capacity to
recognize pathogen-associated molecular patterns (PAMP)
expressed by pathogenic organisms. It has been found that
triggering of TLR elicits profound inflammatory responses
through enhanced cytokine production, chemokine receptor
expression (CCR2, CCRS and CCR7), and costimulatory
molecule expression. As such, these receptors in the innate
immune systems exert control over the polarity of the
ensuing acquired immune response. Among the TLRs,
TLR9Y has been extensively investigated for its functions in
immune responses. Stimulation of the TLR9 receptor directs
antigen-presenting cells (APCs) towards priming potent,
T1-dominated T-cell responses, by increasing the produc-
tion of pro-inflammatory cytokines and the presentation of
co-stimulatory molecules to T cells. CpG oligonucleotides,
ligands for TLRY, were found to be a class of potent
immunostimulatory factors. CpG therapy has been tested
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against a wide variety of tumor models in mice, and has
consistently been shown to promote tumor inhibition or
regression.

Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) is a mem-
ber of the immunoglobulin superfamily and is expressed on
the surface of Helper T cells. CTLA-4 is a negative regulator
of CD28 dependent T cell activation, and acts as an inhibi-
tory checkpoint for the adaptive immune response. Similar
to the T-cell costimulatory protein CD28, CTLA-4 binds to
CD80 and CD86 on antigen-presenting cells. CTLA-4 trans-
mits an inhibitory signal to T cells, whereas CD28 transmits
a stimulatory signal. Human antibodies against human
CTLA-4 have been described as immunostimulation modu-
lators in a number of disease conditions, such as treating or
preventing viral and bacterial infection and for treating
cancer (WO 01/14424 and WO 00/37504). Various preclini-
cal studies have shown that CTL.A-4 blockade by monoclo-
nal antibodies enhances the host immune response against
immunogenic tumors, and can even reject established
tumors. Two fully human anti-human CTLA-4 monoclonal
antibodies (mAbs), ipilimumab (MDX-010) and Tremelim-
umab (also known as CP-675206), have been investigated in
clinical trials in the treatment of various types of solid
tumors.

The tumor necrosis factor (TNF) superfamily is a group of
cytokines that engage specific cognate cell surface receptors,
the TNF receptor (INFR) superfamily. Members of the
tumor necrosis factor superfamily act through ligand-medi-
ated trimerization, causing recruitment of several intracel-
Iular adaptors to activate multiple signal transduction path-
ways, such as apoptosis, NF-kB pathway, INK pathway, as
well as immune and inflammatory responses. Examples of
the TNF Superfamily include CD40 ligands, OX40 ligands,
4-1BB ligands, CD27, CD30 ligand (CD153), TNF-alpha,
TNF-beta, RANK ligands, LT-alpha, I'T-beta, GITR ligands,
and LIGHT. The TNFR Superfamily includes, for example,
CD40, 0X40, 4-1BB, CD70 (CD27 ligand), CD30, TNFR2,
RANK, LT-beta R, HVEM, GITR, TROY, and RELT. CD40
is found on the surface of B lymphocytes, dendritic cells,
follicular dendritic cells, hematopoietic progenitor cells,
epithelial cells, and carcinomas. CD40 binds to a ligand
(CD40-L), which is a glycoprotein and expressed on acti-
vated T cells, mostly CD4+ but also some CD8+ as well as
basophils/mast cells. Because of the role of CD40 in innate
and adaptive immune responses, CD40 agonists, including
various CD40 agonistic antibodies, such as the fully human
agonist CD40 monoclonal antibody CP870893, have been
explored for usage as vaccine adjuvants and in therapies.

Protein kinases are a family of enzymes that catalyze the
phosphorylation of specific residues in proteins. Protein
kinases are key elements in signal transduction pathways
responsible for transducing extracellular signals, including
the action of cytokines on their receptors, to the nuclei,
triggering various biological events. The many roles of
protein kinases in normal cell physiology include cell cycle
control and cell growth, differentiation, apoptosis, cell
mobility and mitogenesis. Kinases such as c-Src, c-Abl,
mitogen activated protein (MAP) kinase, phosphotidylinosi-
tol-3-kinase (PI3K) AKT, and the epidermal growth factor
(EGF) receptor are commonly activated in cancer cells, and
are known to contribute to tumorigenesis. Logically, a
number of kinase inhibitors are currently being developed
for anti-cancer therapy, in particular tyrosine kinase inhibi-
tors (TKIs): cyclin-dependent kinase inhibitors, aurora
kinase inhibitors, cell cycle checkpoint inhibitors, epidermal
growth factor receptor (EGFR) inhibitors, FMS-like tyrosine
kinase inhibitors, platelet-derived growth factor receptor
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(PDGFR) inhibitors, kinase insert domain inhibitors, inhibi-
tors targeting the PI3K/Akt/mTOR pathway, inhibitors tar-
geting the Ras-Raf-MEK-ERK (ERK) pathway, vascular
endothelial growth factor receptor (VEGFR) kinase inhibi-
tors, c-kit inhibitors and serine/threonine kinase inhibitors. A
number of kinase inhibitors have been investigated in clini-
cal investigation for use in anti-cancer therapies, which
includes, for example, MKO0457, VX-680, ZD6474,
MILN8054, AZD2171, SNS-032, PTK787/7K222584,
Sorafenib (BAY43-9006), SU5416, SU6668 AMG706, Zac-
tima (ZD6474), MP-412, Dasatinib, CEP-701, (Lestaur-
tinib), XL.647, X1.999, Tykerb, (Lapatinib), MLN518, (for-
merly known as CT53518), PKC412, ST1571, AMN107,
AEE 788, OSI-930, OSI-817, Sunitinib malate (Sutent;
SU11248), Vatalanib (PTK787/ZK 222584), SNS-032,
SNS-314 and Axitinib (AG-013736). Gefitinib and Erlotinib
are two orally available EGFR-TKIs.

The immune modulators that have been explored are
typically administered systemically to the patients, for
example, by oral administration, intravenous injection or
infusion, or intramuscular injection. One major factor that
limits the effective use of some of the immune modulators
is toxicity caused by high systemic exposure to the admin-
istered agents. For example, with respect to CD40 agonists,
it has been reported that 0.3 mg/kg is the maximum tolerated
dose for an exemplified agonistic CD40 antibody and that
higher doses may elicit side effects including venous throm-
boembolism, grade 3 headache, cytokine release resulting in
toxic effects such as chills and the like, and transient liver
toxicity. (Vanderheide et al., J Clin. Oncol. 25(7): 876-8833
(March 2007). In a clinical trial to investigate combinations
of intravenous Tremelimumab (an anti-CTLA-4 antibody)
plus oral sunitinib in patients with metastatic renal cell
carcinoma, rapid onset of renal failure was observed and, as
a result, further investigation of Tremelimumab at doses
higher than 6 mg/kg plus sunitinib at 37.5 mg daily was not
recommended. See: Brian I. Rini et al.: Phase 1 Dose-
Escalation Trial of Tremelimumab Plus Sunitinib in Patients
With Metastatic Renal Cell Carcinoma. Cancer 117(4)158-
767 (2011)]. Therefore, there is a need for vaccine-based
immunotherapy regimens where the immune modulators are
administered at effective doses which do not elicit severe
adverse side effects such as liver toxicity or renal failure.

SUMMARY OF THE INVENTION

In some aspects, the present disclosure provides isolated
immunogenic PSMA polypeptides and immunogenic PSA
polypeptides, which are useful, for example, for eliciting an
immune response in vivo (e.g. in an animal, including
humans) or in vitro, generating antibodies, or for use as a
component in vaccines for treating cancers, including pros-
tate cancer. In one aspect, the present disclosure provides
isolated immunogenic PSMA polypeptides which have at
least 90% identity to amino acids 15-750 of the human
PSMA of SEQ ID NO:1 and comprise the amino acids of at
least 10,11, 12, 13, 14,15, 16, 17, 18, or 19 of the conserved
T cell epitopes of the human PSMA at corresponding
positions.

In other aspects, the present disclosure provides nucleic
acid molecules that encode immunogenic PAA polypeptides.
In some embodiments, the present disclosure provides iso-
lated nucleic acid molecules, or degenerate variants thereof,
which comprise a nucleotide sequence encoding an immu-
nogenic PSMA polypeptide, or a functional variant of said
polypeptide, provided by the present disclosure.
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In some other aspects, the present disclosure provides
multi-antigen nucleic acid constructs that each encode two
or more immunogenic PAA polypeptides.

The disclosure also provides vectors containing one or
more nucleic acid molecules of the invention. The vectors
are useful for cloning or expressing the immunogenic PAA
polypeptides encoded by the nucleic acid molecules, or for
delivering the nucleic acid molecules in a composition, such
as a vaccine, to a host cell or to a host animal, such as a
human.

In some further aspects, the present disclosure provides
compositions comprising one or more immunogenic PAA
polypeptides, isolated nucleic acid molecules encoding
immunogenic PAA polypeptides, or vectors or plasmids
containing nucleic acid molecules encoding immunogenic
PAA polypeptides. In some embodiments, the composition
is an immunogenic composition useful for eliciting an
immune response against a PAA in a mammal, such as a
mouse, dog, monkey, or human. In some embodiments, the
composition is a vaccine composition useful for immuniza-
tion of a mammal, such as a human, for inhibiting abnormal
cell proliferation, for providing protection against the devel-
opment of cancer (used as a prophylactic), or for treatment
of disorders (used as a therapeutic) associated with PAA
over-expression, such as cancer, particularly prostate cancer.

In still other aspects, the present disclosure provides
methods of using the immunogenic PAA polypeptides, iso-
lated nucleic acid molecules, and compositions comprising
an immunogenic PAA polypeptide or isolated nucleic acid
molecules described herein above. In some embodiments,
the present disclosure provides a method of eliciting an
immune response against a PAA in a mammal, particularly
a human, comprising administering to the mammal an
effective amount of a polypeptide provided by the invention
that is immunogenic against the target PAA, an effective
amount of an isolated nucleic acid molecule encoding such
an immunogenic polypeptide, or a composition comprising
such an immunogenic PAA polypeptide or an isolated
nucleic acid molecule encoding such an immunogenic PAA
polypeptide. The polypeptide or nucleic acid vaccines may
be used together with one or more adjuvants.

In yet other aspects, the present disclosure provides
vaccine-based immunotherapy regimens (or “VBIR”) that
involve co-administration of a vaccine delivering various
tumor associated antigens (TAAs) for inducing TAA specific
immune responses to treat a variety of cancers in combina-
tion with at least one immune-suppressive-cell inhibitor and
at least one immune-effector-cell enhancer. Specifically, in
some aspects, the disclosure provides a method of enhancing
the immunogenicity or therapeutic effect of a vaccine for the
treatment of a neoplastic disorder in a mammal, comprising
administering to the mammal receiving the vaccine an
effective amount of at least one immune-suppressive-cell
inhibitor and at least one immune-effector-cell enhancer. In
a further aspect, the disclosure provides a method of treating
a neoplastic disorder in a mammal, comprising administer-
ing to the mammal a vaccine, at least one immune-suppres-
sive-cell inhibitor, and at least one immune-effector-cell
enhancer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Schematic illustration of PJV7563 vector.

FIG. 2. Amino acid alignment of five viral 2A cassettes,
which are FMDV 2A (SEQ ID NO:57), TAV 2A (SEQ ID
NO:58), EMCV 2A (SEQ ID NO:59), ERAV 2A (SEQ ID
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6
NO:60), and PTV 2A (SEQ ID NO:61). The skipped gly-
cine-proline bonds are indicated by asterisks.

FIG. 3. Sequence of the preferred EMCV IRES (SEQ ID
NO:62). The translation initiation site is indicated by the
asterisk. The minimal IRES element excludes the underlined
first 5 codons of the EMCV L protein.

FIG. 4. Dot plots showing expression of the human
PSMA modified antigen (amino acids 15-750) and full
length human PSCA on the surface of HEK293 cells trans-
fected with dual antigen vaccine constructs as measured by
flow cytometry.

FIGS. 5A and 5B. Image of Western blots showing
expression of the human PSMA modified antigen (amino
acids 15-750; FIG. 5A) and full length human PSCA (FIG.
5B) in HEK293 cells transfected with dual antigen vaccine
constructs as measured by western blotting with PSMA and
PSCA specific monoclonal antibodies.

FIG. 6. Image of Western blots showing expression of
human PSA cytosolic antigen (amino acids 25-261) in
HEK293 cells transfected with dual antigen vaccine con-
structs as measured by western blotting with a PSA specific
monoclonal antibody. Lane 5300 exhibited a faint band
about 2 kD larger than PSA, consistent with a C-terminal
fusion of the 2A peptide.

FIGS. 7A, 7B. Dot plots showing expression of human
PSMA modified antigen (amino acids 15-750) and full
length human PSCA on the surface of HEK293 cells trans-
fected with either single promoter triple antigen constructs
(FIG. 7A) or dual promoter triple antigen vaccine constructs
(FIG. 7B) as measured by flow cytometry.

FIGS. 8A, 8B. Images of Western blots showing expres-
sion of human PSA in HEK293 cells transfected with either
single promoter triple antigen constructs (FIG. 8A) or dual
promoter triple antigen vaccine constructs (FIG. 8B) as
measured by western blotting with a PSA specific monoclo-
nal antibody. The bands in lanes 5259 and 456 are spillover
from lane 5297. Although not visible in the scanned gel,
lanes 456, 457, and 458 exhibited a band about 2 kD larger
than PSA.

FIGS. 9A-9D. Graphs depicting results of a representative
study that evaluates the immunogenicity of the triple antigen
vaccines by IFN-y ELISPOT assay, in which recognition of
endogenous prostate antigens was assessed by examining T
cell responses to (a) TRAMP C2 cells expressing PSMA
(FIG. 9A), (b) TRAMP C2 cells expressing PSCA (FIG.
9B), (c) TRAMP C2 cells expressing PSA (FIG. 9C), and (d)
TRAMP C2 cells expressing PSMA, PSA, and PSCA (FIG.
9ID).

FIGS. 10A-10D. Graphs depicting results of a represen-
tative study that evaluates the immunogenicity of the triple
antigen vaccines by IFN-y ELISPOT assay, in which T cell
responses to (a) individual PSMA peptides (FIG. 10A), (b)
three PSMA peptide pools (FIG. 10B), (c) a PSCA peptide
(FIG.10C), and (d) PSA peptides (FIG. 10D) were assessed.

FIG. 11. Graph depicting results of a representative study
that evaluates the immunogenicity of the triple antigen
vaccines by anti-PSMA antibody titers.

FIG. 12. Graph depicting results of a representative study
that evaluates the immunogenicity of the triple antigen
vaccines by anti-PSCA antibody titers.

FIG. 13. Graph depicting results of a representative study
that evaluates the immunogenicity of the triple antigen
vaccines by anti-PSMA antibody cell-surface binding.

FIG. 14. Graph depicting results of a representative study
that evaluates the immunogenicity of the triple antigen
vaccines by anti-PSCA antibody cell-surface binding.
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FIGS. 15A-15C. Graphs depicting results of a represen-
tative study that evaluates the immunogenicity of the dual
antigen vaccines by IFN-y ELISPOT assay, in which rec-
ognition of endogenous prostate antigens was assessed by
examining T cell responses to (a) TRAMP C2 cells express-
ing PSMA (FIG. 15A), (b) TRAMP C2 cells expressing
PSCA (FIG. 15B), and (c) TRAMP C2 cells expressing
PSMA, PSA, and PSCA (FIG. 15C).

FIGS. 16 A-16C. Graphs depicting results of a represen-
tative study that evaluates the immunogenicity of the dual
antigen vaccines by IFN-y ELISPOT assay, in which T cell
responses to (a) individual PSMA peptides (FIG. 16A), (b)
three different PSMA peptide pools (FIG. 16B), and (c) a
PSCA peptide (FIG. 16C) were assessed.

FIG. 17. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSMA antibody titers.

FIG. 18. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSCA antibody titers.

FIG. 19. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSMA antibody cell-surface binding.

FIG. 20. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSCA antibody cell-surface binding.

FIGS. 21A-21D. Graphs depicting results of a represen-
tative study that evaluates the immunogenicity of the dual
antigen vaccines by IFN-y ELISPOT assay, in which rec-
ognition of endogenous PSMA, PSCA, and PSA was
assessed by examining T cell responses to (a) TRAMP C2
cells expressing PSMA (FIG. 21A), (b) TRAMP C2 cells
expressing PSCA (FIG. 21B), (c) TRAMP C2 cells express-
ing PSA (FIG. 21C), and (d) TRAMP C2 cells expressing
PSMA, PSA, and PSCA (FIG. 21D).

FIG. 22. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSMA antibody titers.

FIG. 23. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSCA antibody titers.

FIG. 24. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSMA antibody cell-surface binding.

FIG. 25. Graph depicting results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by anti-PSCA antibody cell-surface binding.

FIG. 26. Graph depicting results of a representative study
that evaluates the T cell immune response elicited by human
PSMA modified antigen (amino acids 15-750) versus full-
length human PSMA (amino acids 1-750) in C57BL/6 mice.

FIGS. 27A, 27B. Graphs depicting results of a represen-
tative study that evaluates the T cell immune response of
human PSMA modified antigen (amino acids 15-750) versus
full-length human PSMA antigen (amino acids 1-750) in
Pasteur (HLA-A2/DR1) transgenic mice by IFN-y ELISPOT
assay using (a) PSMA derived HLA-A2-restricted peptides
(FIG. 27A) or (b) SK-Mel5 cells transduced with Ad-
hPSMA or purified hPSMA full-length protein (FIG. 27B).

FIG. 28. Graph depicting results of a representative study
that evaluates the immunogenicity of the human modified
and full-length PSMA vaccines by anti-PSMA antibody
titers.

FIG. 29. Graph depicting results of a representative study
that evaluates the immunogenicity of the human modified
and full-length PSMA vaccines by anti-PSMA antibody
cell-surface binding.
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FIG. 30. Graph depicting results of a representative study
that evaluates the blood anti-CTLA-4 monoclonal antibody
levels measured by competitive ELISA in Indian Rhesus
macaques injected with anti-CTLA-4 (CP-675, 206) at 10
mg/kg.

FIGS. 31A and 31B. Graphs depicting results of a repre-
sentative study that evaluates the immunomodulatory activ-
ity of anti-murine CTLA-4 monoclonal antibody (clone
9H10) on the quality of the immune responses induced by a
rat Her-2 DNA vaccine using an intracellular cytokine
staining assay, in which (a) cytokine positive CD8 T cells
(FIG. 31A) and (b) cytokine positive CD4 T cells (FIG. 31B)
were measured.

FIG. 32. Graph depicting results of a representative study
that evaluates the effect of sunitinib malate (Sutent) on the
anti-tumor efficacy of a cancer vaccine (fHER2) in mice, in
which the subcutaneous tumor growth rate was measured.

FIGS. 33A-33D. Graphs depicting results from a repre-
sentative study that evaluates the effect of sunitinib malate
(Sutent) on the anti-tumor efficacy of a cancer vaccine
(rHER2), in which individual tumor growth rates were
measured in mice treated with (a) the control agents (FIG.
33A), (b) sunitinib malate and the control vaccine (FIG.
33B), (¢) the vehicle and the cancer vaccine (FIG. 33C), or
(d) sunitinib malate and the cancer vaccine (FIG. 33D).

FIG. 34. Graph showing the Kaplan-Meier survival
curves of the groups of mice from the study described in
FIGS. 33A-33D that evaluates the effect of sunitinib malate
(Sutent) on the anti-tumor efficacy of a cancer vaccine
(rHER2).

FIGS. 35A, 35B. Graphs showing changes in myeloid
derived suppressor cells (Gr1+CD11b+; FIG. 35A) and Treg
containing CD25+CD4+ cells (FIG. 35B) in the periphery
blood of the groups of mice from the study described FIGS.
33A-33D.

FIGS. 36A-36C. Graphs depicting results of a represen-
tative study in a mouse tumor model that evaluates the effect
of sunitinib malate (Sutent) on the total number of (a) Tregs
(CD4+CD25+Foxp3+; FIG. 36A), (b) myeloid derived sup-
pressor cells (Gr1+CD11b+; FIG. 36B), and (¢) PD-1+CD8
T cells (FIG. 36C) isolated from tumors of the mice.

FIG. 37. Graph showing the Kaplan-Meier survival
curves of the groups of mice from a representative study
evaluating the effect of sunitinib malate (Sutent) and an
anti-murine CTLA-4 monoclonal antibody (clone 9D9) on
the anti-tumor efficacy of a cancer vaccine (vaccine) in
subcutaneous TUBO tumor bearing BALB/neuT mice.

FIG. 38. Graph showing kinetics of the blood sunitinib
levels of BALB/neuT mice with subcutaneous TUBO
tumors.

FIG. 39. Graph showing the Kaplan-Meier survival
curves of the groups of mice from a representative study that
evaluates the effect of sunitinib malate (Sutent) on the
anti-tumor efficacy of a cancer vaccine in BALB/neuT mice
with subcutaneous TUBO tumors.

FIG. 40. Graph depicting the IFNy ELISPOT results from
a representative study evaluating the effect of CpG7909 and
an anti-CD40 antibody (Bioxcell #BE0016-2) on the antigen
specific T cell responses induced by a cancer vaccine
(rHER2).

FIGS. 41A, 41B. Graphs depicting results of a represen-
tative study that evaluates the immunomodulatory activity of
CpG7909 on the quality of the immune responses induced
by a cancer vaccine (PMED) using intracellular cytokine
staining assay, in which cytokine positive CD8 T cells (FIG.
41A) and cytokine positive CD4 T cells (FIG. 41B) were
measured.
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FIGS. 42A, 42B. Graphs depicting results of a represen-
tative study that evaluates the immunomodulatory activity of
an agonistic anti-murine CD40 monoclonal antibody on the
quality of the immune responses induced by a cancer
vaccine (PMED) using intracellular cytokine staining assay,
in which cytokine positive CD8 T cells (FIG. 42A) and
cytokine positive CD4 T cells (FIG. 42B) were measured.

FIG. 43. Graph showing the Kaplan-Meier survival
curves of the groups of mice from a representative study that
evaluates the effect of low dose sunitinib malate (Sutent) on
the anti-tumor efficacy of a cancer vaccine in spontaneous
mammary tumor bearing BALB/neuT mice.

DETAILED DESCRIPTION OF THE
INVENTION

A. Definitions

The term “adjuvant” refers to a substance that is capable
of enhancing, accelerating, or prolonging an immune
response when given with a vaccine immunogen.

The term “agonist” refers to is a substance which pro-
motes (induces, causes, enhances or increases) the activity
of another molecule or a receptor. The term agonist encom-
passes substances which bind receptor (e.g., an antibody, a
homolog of a natural ligand from another species) and
substances which promote receptor function without binding
thereto (e.g., by activating an associated protein).

The term “antagonist” or “inhibitor” refers to a substance
that partially or fully blocks, inhibits, or neutralizes a
biological activity of another molecule or receptor.

The term “co-administration” refers to administration of
two or more agents to the same subject during a treatment
period. The two or more agents may be encompassed in a
single formulation and thus be administered simultaneously.
Alternatively, the two or more agents may be in separate
physical formulations and administered separately, either
sequentially or simultaneously to the subject. The term
“administered simultaneously” or “simultaneous adminis-
tration” means that the administration of the first agent and
that of a second agent overlap in time with each other, while
the term “administered sequentially” or “sequential admin-
istration” means that the administration of the first agent and
that of a second agent does not overlap in time with each
other.

The term “conserved T cell epitope” refers to one of the
following amino acid sequences of the human PSMA protein
as set forth in SEQ 1D NO. 1:

amino acids 168-176 (GMPEGDLVY),

amino acids 347-356 (HSTNGVTRIY),

amino acids 557-566 (ETYELVEKFY),

amino acids 207-215 (KVFRGNKVK),

amino acids 431-440 (STEWAEENSR),

amino acids 4-12 (LLHETDSAV),

amino acids 27-35 (VLAGGFFLL),

amino acids 168-177 (GMPEGDLVYYV),

amino acids 441-450 (LLQERGVAYT),

amino acids 469-477 (LMYSLVHNL),

amino acids 711-719 (ALFDIESKV),

amino acids 663-671 (MNDQVMFL),

amino acids 178-186 (NYARTEDFF),

amino acids, 227-235 (LYSDPADYF),

amino acids 624-632 (TYSVSFDSL),

amino acids 334-348 (TGNFSTQKVKMHIHS),

amino acids 459-473 (NYTLRVDCTPLMYSL),

amino acids 687-701(YRHVIYAPSSHNKYA), and

amino acids 730-744 (RQIYVAAFTVQAAAE).
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The term “cytosolic” means that after a nucleotide
sequence encoding a particular polypeptide is expressed by
a host cell, the expressed polypeptide is retained inside the
host cell.

The terms “degenerate variant” refers to DNA sequences
that have substitutions of bases but encode the same poly-
peptide.

The term “effective amount™ refers to an amount admin-
istered to a mammal that is sufficient to cause a desired effect
in the mammal.

The term “fragment” of a given polypeptide refers to a
polypeptide that is shorter than the given polypeptide and
shares 100% identity with the sequence of the given poly-
peptide.

The term “identical” or percent “identity,” in the context
of'two or more nucleic acid or polypeptide sequences, refers
to two or more sequences or subsequences that are the same
or have a specified percentage of amino acid residues or
nucleotides that are the same, when compared and aligned
for maximum correspondence.

The term “immune-effector-cell enhancer” or “IEC
enhancer” refers to a substance capable of increasing or
enhancing the number, quality, or function of one or more
types of immune effector cells of a mammal. Examples of
immune effector cells include cytolytic CD8 T cells, CD40
T cells, NK cells, and B cells.

The term “immune modulator” refers to a substance
capable of altering (e.g., inhibiting, decreasing, increasing,
enhancing or stimulating) the working of any component of
the innate, humoral or cellular immune system of a mammal.
Thus, the term “immune modulator” encompasses the
“immune-effector-cell enhancer” as defined herein and the
“immune-suppressive-cell inhibitor” as defined herein, as
well as substance that affects other components of the
immune system of a mammal.

The term “immune response” refers to any detectable
response to a particular substance (such as an antigen or
immunogen) by the immune system of a host vertebrate
animal, including, but not limited to, innate immune
responses (e.g., activation of Toll receptor signaling cas-
cade), cell-mediated immune responses (e.g., responses
mediated by T cells, such as antigen-specific T cells, and
non-specific cells of the immune system), and humoral
immune responses (e.g., responses mediated by B cells, such
as generation and secretion of antibodies into the plasma,
lymph, and/or tissue fluids). Examples of immune responses
include an alteration (e.g., increase) in Toll-like receptor
activation, lymphokine (e.g., cytokine (e.g., Thl, Th2 or
Th17 type cytokines) or chemokine) expression or secretion,
macrophage activation, dendritic cell activation, T cell (e.g.,
CD4+ or CD8+ T cell) activation, NK cell activation, B cell
activation (e.g., antibody generation and/or secretion), bind-
ing of an immunogen (e.g., antigen (e.g., immunogenic
polypolypeptide)) to an MHC molecule, induction of a
cytotoxic T lymphocyte (“CTL”) response, induction of a B
cell response (e.g., antibody production), and, expansion
(e.g., growth of a population of cells) of cells of the immune
system (e.g., T cells and B cells), and increased processing
and presentation of antigen by antigen presenting cells. The
term “immune response” also encompasses any detectable
response to a particular substance (such as an antigen or
immunogen) by one or more components of the immune
system of a vertebrate animal in vitro.

The term “immunogenic” refers to the ability of a sub-
stance to cause, elicit, stimulate, or induce an immune
response, or to improve, enhance, increase or prolong a
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pre-existing immune response, against a particular antigen,
whether alone or when linked to a carrier, in the presence or
absence of an adjuvant.

The term “immunogenic PSA polypeptide” refers to a
polypeptide that is immunogenic against human PSA protein
or against cells expressing human PSA protein.

The term “immunogenic PSCA polypeptide” refers to a
polypeptide that is immunogenic against human PSCA
protein or against cells expressing human PSCA protein.

The term “immunogenic PSMA polypeptide” refers to a
polypeptide that is immunogenic against human PSMA
protein or against cells expressing human PSMA protein.

The term “immunogenic PAA polypeptide” refers to an
“immunogenic PSA polypeptide,” an “immunogenic PSCA
polypeptide,” or an “immunogenic PSMA polypeptide” as
defined herein above.

The term “immunogenic PSA nucleic acid molecule”
refers to a nucleic acid molecule that encodes an immuno-
genic PSA polypeptide as defined herein.

The term “immunogenic PSCA nucleic acid molecule”
refers to a nucleic acid molecule that encodes an “immuno-
genic PSCA polypeptide” as defined herein.

The term “immunogenic PSMA nucleic acid molecule”
refers to a nucleic acid molecule that encodes an “immuno-
genic PSMA polypeptide” as defined herein.

The term “immunogenic PAA nucleic acid molecule”
refers to a nucleic acid molecule that encodes an “immuno-
genic PSA polypeptide,” an “immunogenic PSCA polypep-
tide,” or an “immunogenic PSMA polypeptide” as defined
herein above.

The term “immune-suppressive-cell inhibitor” or “ISC
inhibitor” refers to a substance capable of reducing or
suppressing the number or function of immune suppressive
cells of a mammal. Examples of immune suppressive cells
include regulatory T cells (“T regs”), myeloid-derived sup-
pressor cells, and tumor-associated macrophages.

The term ““intradermal administration,” or “administered
intradermally,” in the context of administering a substance,
such as a therapeutic agent or an immune modulator, to a
mammal including a human, refers to the delivery of the
substance into the dermis layer of the skin of the mammal.
The skin of a mammal is composed of three layers—the
epidermis, dermis, and subcutaneous layer. The epidermis is
the relatively thin, tough, outer layer of the skin. Most of the
cells in the epidermis are keratinocytes. The dermis, the
skin’s next layer, is a thick layer of fibrous and elastic tissue
(made mostly of collagen, elastin, and fibrillin) that gives the
skin its flexibility and strength. The dermis contains nerve
endings, sweat glands and oil (sebaceous) glands, hair
follicles, and blood vessels. The dermis varies in thickness
depending on the location of the skin. In humans it is about
0.3 mm on the eyelid and about 3.0 mm on the back. The
subcutaneous layer is made up of fat and connective tissue
that houses larger blood vessels and nerves. The thickness of
this layer varies throughout the body and from person to
person. The term “intradermal administration” refers to
delivery of a substance to the inside of the dermis layer. In
contrast; “subcutaneous administration” refers to the admin-
istration of a substance into the subcutaneous layer and
“topical administration” refers to the administration of a
substance onto the surface of the skin.

The term “local administration” or “administered locally”
encompasses “topical administration,” “intradermal admin-
istration,” and “subcutaneous administration,” each as
defined herein above. This term also encompasses “intratu-
moral administration,” which refers to administration of a
substance to the inside of a tumor. Local administration is
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intended to allow for high local concentrations around the
site of administration for a period of time until systemic
biodistribution has been achieved with of the administered
substance, while “systemic administration” is intended for
the administered substance to be absorbed into the blood and
attain systemic exposure rapidly by being distributed
through the circulatory system to organs or tissues through-
out the body.

The term “mammal” refers to any animal species of the
Mammalia class. Examples of mammals include: humans;
non-human primates such as monkeys; laboratory animals
such as rats, mice, guinea pigs; domestic animals such as
cats, dogs, rabbits, cattle, sheep, goats, horses, and pigs; and
captive wild animals such as lions, tigers, elephants, and the
like.

The term “membrane-bound” means that after a nucleo-
tide sequence encoding a particular polypeptide is expressed
by a host cell, the expressed polypeptide is bound to,
attached to, or otherwise associated with, the membrane of
the cell.

The term “neoplastic disorder” refers to a condition in
which cells proliferate at an abnormally high and uncon-
trolled rate, the rate exceeding and uncoordinated with that
of'the surrounding normal tissues. It usually results in a solid
lesion or lump known as “tumor.” This term encompasses
benign and malignant neoplastic disorders. The term “malig-
nant neoplastic disorder”, which is used interchangeably
with the term “cancer” in the present disclosure, refers to a
neoplastic disorder characterized by the ability of the tumor
cells to spread to other locations in the body (known as
“metastasis”). The term “benign neoplastic disorder” refers
to a neoplastic disorder in which the tumor cells lack the
ability to metastasize.

The term “operably linked” refers to a juxtaposition
wherein the components so described are in a relationship
permitting them to function in their intended manner. A
control sequence “operably linked” to a transgene is ligated
in such a way that expression of the transgene is achieved
under conditions compatible with the control sequences.

The term “ortholog” refers to genes in different species
that are similar to each other and originated from a common
ancestor.

The term “pharmaceutically acceptable excipient” refers
to a substance in an immunogenic or vaccine composition,
other than the active ingredients (e.g., the antigen, antigen-
coding nucleic acid, immune modulator, or adjuvant) that is
compatible with the active ingredients and does not cause
significant untoward effect in subjects to whom it is admin-
istered.

The terms “peptide,” “polypeptide,” and “protein” are
used interchangeably herein, and refer to a polymeric form
of amino acids of any length, which can include coded and
non-coded amino acids, chemically, or biochemically modi-
fied or derivatized amino acids, and polypeptides having
modified polypeptide backbones.

The term “preventing” or “prevent” refers to (a) keeping
a disorder from occurring or (b) delaying the onset of a
disorder or onset of symptoms of a disorder.

The term “prostate-associated-antigen” (or PAA) refers to
the TAA (as defined herein) that is specifically expressed on
prostate tumor cells or expressed at a higher frequency or
density by tumor cells than by non-tumor cells of the same
tissue type. Examples of PAA include PSA, PSCA, and
PSMA.

The term “secreted” in the context of a polypeptide means
that after a nucleotide sequence encoding the polypeptide is
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expressed by a host cell, the expressed polypeptide is
secreted outside of the host cell.

The term “suboptimal dose” when used to describe the
amount of an immune modulator, such as a protein kinase
inhibitor, refers to a dose of the immune modulator that is
below the minimum amount required to produce the desired
therapeutic effect for the disease being treated when the
immune modulator is administered alone to a patient.

The term “treating,” “treatment,” or “treat” refers to
abrogating a disorder, reducing the severity of a disorder, or
reducing the severity or occurrence frequency of a symptom
of a disorder.

The term “tumor-associated antigen” or “TAA” refers to
an antigen which is specifically expressed by tumor cells or
expressed at a higher frequency or density by tumor cells
than by non-tumor cells of the same tissue type. Tumor-
associated antigens may be antigens not normally expressed
by the host; they may be mutated, truncated, misfolded, or
otherwise abnormal manifestations of molecules normally
expressed by the host; they may be identical to molecules
normally expressed but expressed at abnormally high levels;
or they may be expressed in a context or milieu that is
abnormal. Tumor-associated antigens may be, for example,
proteins or protein fragments, complex carbohydrates, gan-
gliosides, haptens, nucleic acids, or any combination of
these or other biological molecules.

The term “vaccine” refers to an immunogenic composi-
tion for administration to a mammal for eliciting an immune
response against a particular antigen.

The term “variant” of a given polypeptide refers to a
polypeptide that shares less than 100% but more than 80%
identity to the amino acid sequence of that given polypeptide
and exhibits at least some of the immunogenic activity of
that given polypeptide.

The term “vector” refers to a nucleic acid molecule
capable of transporting or transferring a foreign nucleic acid
molecule. The term encompasses both expression vectors
and transcription vectors. The term “expression vector”
refers to a vector capable of expressing the insert in the
target cell, and generally contain control sequences, such as
enhancer, promoter, and terminator sequences, that drive
expression of the insert. The term “transcription vector”
refers to a vector capable of being transcribed but not
translated. Transcription vectors are used to amplify their
insert. The foreign nucleic acid molecule is referred to as
“insert” or “transgene.” A vector generally consists of an
insert and a larger sequence that serves as the backbone of
the vector. Based on the structure or origin of vectors, major
types of vectors include plasmid vectors, cosmid vectors,
phage vectors such as lambda phage, viral vectors such as
adenovirus (Ad) vectors, and artificial chromosomes.

B. Immunogenic Prostate-Associated-Antigen
(PAA) Polypeptides

In some aspects, the present disclosure provides isolated
immunogenic PSA polypeptides and PSMA polypeptides,
which are useful, for example, for eliciting an immune
response in vivo (e.g. in an animal, including humans) or in
vitro, activating effector T cells, or generating antibodies
specific for PSA and PSMA, respectively, or for use as a
component in vaccines for treating cancer, particularly pros-
tate cancer. These polypeptides can be prepared by methods
known in the art in light of the present disclosure. The
capability of the polypeptides to elicit an immune response
can be measured in in vitro assays or in vivo assays. In vitro
assays for determining the capability of a polypeptide or

30

40

45

50

55

14

DNA construct to elicit immune responses are known in the
art. One example of such in vitro assays is to measure the
capability of the polypeptide or nucleic acid expressing an
polypeptide to stimulate T cell response as described in U.S.
Pat. No. 7,387,882, the disclosure of which is incorporated
in this application. The assay method comprises the steps of:
(1) contacting antigen presenting cells in culture with an
antigen thereby the antigen can be taken up and processed by
the antigen presenting cells, producing one or more pro-
cessed antigens; (2) contacting the antigen presenting cells
with T cells under conditions sufficient for the T cells to
respond to one or more of the processed antigens; (3)
determining whether the T cells respond to one or more of
the processed antigens. The T cells used may be CD8* T
cells or CD4™ T cells. T cell response may be determined by
measuring the release of one of more of cytokines, such as
interferon-gamma and interleukin-2, lysis of the antigen
presenting cells (tumor cells), and production of antibodies
by B cells.

B-1. Immunogenic PSMA Polypeptides

In one aspect, the present disclosure provides isolated
immunogenic PSMA polypeptides which have at least 90%
identity to amino acids 15-750 of the human PSMA of SEQ
ID NO:1 and comprise the amino acids of at least 10, 11, 12,
13, 14, 15, 16, 17, 18, or 19 of the conserved T cell epitopes
of the human PSMA at corresponding positions.

In some embodiments, the immunogenic PSMA polypep-
tides comprise at least 15, 16, 17, 18, or 19 of the conserved
T cell epitopes of the human PSMA.

In some embodiments, the present disclosure provides an
immunogenic PSMA polypeptide consisting of the amino
acid sequence of SEQ ID NO:9, or an immunogenic PSMA
polypeptide having 93%-99%, 94%-98%, or 94%-97%
identity to the amino acid sequence of SEQ ID NO:9.

Examples of some particular immunogenic PSMA poly-
peptides include:

1) a polypeptide consisting of amino acids 15-750 of SEQ
ID NO: 1;

2) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO: 3;

3) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO:5;

4) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO:7,

2) a polypeptide comprising the amino acid sequence of
SEQ ID NO:3;

3) a polypeptide comprising the amino acid sequence of
SEQ ID NO:5; and

4) a polypeptide comprising the amino acid sequence of
SEQ ID NO:7.

In other embodiments, the present disclosure provides an
immunogenic PSMA polypeptide selected from the group
consisting of:

1) a polypeptide consisting of the amino acid sequence of
SEQ ID NO:11

2) a polypeptide consisting of the amino acid sequence of
SEQ ID NO:13; and

3) a polypeptide comprising the amino acid sequence of
SEQ ID NO:13.

In some other embodiments, the present disclosure pro-
vides isolated immunogenic PSMA polypeptides that are
variants of any of the following polypeptides:

2) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO: 3;

3) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO: 5; and
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4) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO: 7, wherein the amino acid sequence of the
variant has 93%-99% identity to the sequence of SEQ ID
NO:1 and share at least 80%, at least 85%, at least 90%, at
least 95%, or at least 99% identity with the amino acid
sequence of SEQ ID NO: 3, 5, or 7.

The variants of a given PAA polypeptide can be obtained
by deleting, inserting, or substituting one or more amino
acids in the parent immunogenic PAA polypeptide. An
example for the production of such variants is the conser-
vative substitution of individual amino acids of the poly-
peptides, that is, by substituting one amino acid for another
having similar properties.

An immunogenic PSMA polypeptide of the invention
may be constructed by conserving some or all of the
conserved T cell epitopes of the human PSMA of SEQ ID
NO:1 while substituting certain amino acids in the remain-
ing regions of the human PSMA with amino acids found in
one or more orthologs of human PSMA at corresponding
positions. Sequences of various PSMA orthologs that may
be utilized to make the immunogenic PSMA polypeptides
are available from the GeneBank database. These orthologs
along with their NCBI ID numbers are provided in Table 18.
Substitutions of amino acids of human PSMA with amino
acids from one or more of the orthologs may be conservative
substitutions or non-conservative substitutions, or both, and
may be selected based on a number of factors known in the
art, including the divergence needed to be achieved, MHC
binding, the presence of ortholog amino acids at the site of
substitution, surface exposure, and maintaining the 3-D
structure of the protein for optimal processing and presen-
tation.

B-2. Immunogenic PSA Polypeptides

In another aspect, the present disclosure provides isolated
immunogenic PSA polypeptides. In one embodiment, the
isolated immunogenic PSA polypeptide is a polypeptide
consisting of the amino acid sequence of SEQ ID NO:15 or
amino acids 4-263 of SEQ ID NO: 15, or a variant thereof.
In another embodiment, the isolated immunogenic PSA
polypeptide is a polypeptide consisting of the amino acid
sequence of SEQ ID NO:17 or amino acids 4-240 of SEQ ID
NO: 17, or a variant thereof. In a further embodiment, the
isolated immunogenic PSA polypeptide is a polypeptide
consisting of the amino acid sequence of SEQ ID NO:19 or
amino acids 4-281 of SEQ ID NO: 19, or a variant thereof.

C. Nucleic Acid Molecules Encoding Immunogenic
PAA Polypeptides

In some aspects, the present disclosure provides nucleic
acid molecules that encode immunogenic PAA polypeptides.
The nucleic acid molecules can be deoxyribonucleotides
(DNA) or ribonucleotides (RNA). Thus, a nucleic acid
molecule can comprise a nucleotide sequence disclosed
herein wherein thymidine (T) can also be uracil (U), which
reflects the differences between the chemical structures of
DNA and RNA. The nucleic acid molecules can be modified
forms, single or double stranded forms, or linear or circular
forms. The nucleic acid molecules can be prepared using
methods known in the art light of the present disclosure.

C-1. Nucleic Acid Molecules Encoding Immunogenic
PSMA Polypeptides

In one aspect, the present disclosure provides isolated
nucleic acid molecules, or degenerate variants thereof,
which comprise a nucleotide sequence encoding an immu-
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nogenic PSMA polypeptide, including the immunogenic
PSMA polypeptides provided by the present disclosure or a
functional variant thereof.

In some embodiments, the nucleotide sequence encodes a
membrane-bound immunogenic PSMA polypeptide. In
some particular embodiments, the isolated nucleic acid
molecule comprises a nucleotide sequence, or a degenerate
variant thereof, selected from the group consisting of:

1) a nucleotide sequence encoding the amino acid
sequence of SEQ ID NO:9;

2) a nucleotide sequence encoding amino acids 4-739 of
SEQ ID NO:3;

3) a nucleotide sequence encoding amino acids 4-739 of
SEQ ID NO:5; and

4) a nucleotide sequence encoding amino acids 4-739 of
SEQ ID NO:7.

In some other particular embodiments, the nucleotide
sequence encodes a variant of an immunogenic PSMA
polypeptide of SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7,
or SEQ ID NO:9, wherein the variant has an amino acid
sequence that has (a) 93% to 99% identity with the amino
acid sequence of SEQ ID NO:1 and (b) at least 80%, at least
85%, at least 90%, at least 95%, or at least 99% identity with
the amino acid sequence of SEQ ID NO: 3, 5, or 7.

In still some other particular embodiments, the isolated
nucleic acid molecule comprises a nucleotide sequence, or a
degenerate variant thereof, selected from the group consist-
ing of:

1) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:4,

2) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:6;

3) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:8; and

4) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:10.

C-2. Nucleic Acid Molecules Encoding Immunogenic
PSA Polypeptides

In another aspect, the present disclosure provides isolated
nucleic acid molecules, or degenerate variants thereof,
which encode an immunogenic PSA polypeptide, including
the immunogenic PSA polypeptides provided by the present
disclosure.

In some embodiments, the isolated nucleic acid molecule
comprises or consists of a nucleotide sequence encoding a
cytosolic immunogenic PSA polypeptide. In one embodi-
ment, the nucleotide sequence encodes a cytosolic immu-
nogenic PSA polypeptide consisting of consecutive amino
acid residues 4-240 of SEQ ID NO:17. In another embodi-
ment, the nucleotide sequence encodes a cytosolic immu-
nogenic PSA polypeptide comprising the amino acid
sequence of SEQ ID NO:17. In still another embodiment,
the nucleotide sequence encodes a cytosolic immunogenic
PSA polypeptide consisting of the amino acid sequence of
SEQ ID NO:17. In yet another embodiment, the nucleotide
sequence encodes a functional variant of any of said cyto-
solic immunogenic polypeptides provided herein above.

In some other embodiments, the isolated nucleic acid
molecule comprises a nucleotide sequence encoding a mem-
brane-bound immunogenic PSA polypeptide. In one
embodiment, the nucleotide sequence encodes a membrane-
bound immunogenic PSA polypeptide comprising consecu-
tive amino acid residues 4-281 of SEQ ID NO:19. In another
embodiment, the nucleotide sequence encodes a membrane-
bound immunogenic PSA polypeptide comprising the amino
acid sequence of SEQ ID NO:19. In still another embodi-
ment, the nucleotide sequence encodes a membrane-bound
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immunogenic PSA polypeptide consisting of the amino acid
sequence of SEQ ID NO:19. In yet other embodiments, the
nucleotide sequence encodes a functional variant of any of
said membrane-bound immunogenic PSA polypeptides pro-
vided herein above.

Examples of particular nucleic acid molecules provided
by the present disclosure include:

1) a nucleic acid molecule consisting of the nucleotide
sequence of SEQ ID NO: 18;

2) a nucleic acid molecule comprising the nucleotide

sequence of SEQ ID NO; 18;

3) a nucleic acid molecule consisting of the nucleotide
sequence of SEQ ID NO; 20;

4) a nucleic acid molecule comprising the nucleotide
sequence of SEQ ID NO: 20; and

5) a degenerate variant of any of the nucleic acid mol-
ecules 1)-4) above.

C-3. Nucleic Acid Molecules Encoding Two or More
Immunogenic PAA Polypeptides

In another aspect, the present disclosure provides a
nucleic acid molecule that encodes more than one immuno-
genic PAA polypeptide, for example at least two, at least
three, or at least four immunogenic PAA polypeptides. Such
nucleic acid molecules are also be referred to as “multi-
antigen constructs,” “multi-antigen vaccine,” “multi-antigen
plasmid,” and the like, in the present disclosure. Thus, in
some aspects, one nucleic acid molecule carries two coding
nucleotide sequences wherein each of the coding nucleotide
sequences expresses an individual immunogenic PAA poly-
peptide. Such a nucleic acid molecule is also referred to as
“dual antigen construct,” “dual antigen vaccine,” or “dual
antigen plasmid,” etc., in this disclosure. In some other
aspects, one nucleic acid molecule carries three coding
nucleotide sequences wherein each of the coding nucleotide
sequences expresses an individual immunogenic PAA poly-
peptide. Such a nucleic acid molecule is also referred to as
“triple antigen construct,” “triple antigen vaccine,” or “triple
antigen plasmid” in this disclosure. The individual PAA
polypeptides encoded by a multi-antigen construct may be
immunogenic against the same antigen, such as PSMA,
PSA, or PSCA. The individual PAA polypeptides encoded
by a multi-antigen construct may be immunogenic against
different antigens, for example, one PAA polypeptide being
a PSMA polypeptide and another one a PSA polypeptide.
Specifically, one multi-antigen construct may encode two or
more immunogenic PAA polypeptides in any one of the
following combinations:

1) at least one immunogenic PSMA polypeptide and at
least one immunogenic PSA polypeptide;

2) at least one immunogenic PSMA polypeptide and at
least one immunogenic PSCA polypeptide;

3) at least one immunogenic PSA polypeptide and at least
one immunogenic PSCA polypeptide; and

4) at least one immunogenic PSMA polypeptide, at least
one immunogenic PSA polypeptide, and at least one immu-
nogenic PSCA polypeptide.

The immunogenic PSMA polypeptides encoded by a
multi-antigen construct may be either cytosolic, secreted, or
membrane-bound, but preferably membrane-bound. Simi-
larly, the immunogenic PSA polypeptide encoded by a
multi-antigen construct may be either cytosolic, secreted, or
membrane-bound, but preferably cytosolic. The immuno-
genic PSCA polypeptide encoded by a multi-antigen con-
struct is preferably the full length human PSCA protein, the
amino acid sequence of which is set forth in SEQ ID No:21.

In some embodiments, the present disclosure provides a
multi-antigen construct that encodes at least one membrane-
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bound immunogenic PSMA polypeptide and at least one
membrane-bound immunogenic PSA polypeptide.

In some other embodiments, the present disclosure pro-
vides a multi-antigen construct that encodes at least one
membrane-bound immunogenic PSMA polypeptide, at least
one cytosolic immunogenic PSA polypeptide, and at least
one immunogenic PSCA polypeptide, wherein the at least
one cytosolic immunogenic PSA polypeptide comprises
amino acids 4-240 of SEQ ID NO:17, wherein the at least
one immunogenic PSCA polypeptide is the full length
human PSCA protein of SEQ ID NO:21, and wherein the at
least one immunogenic PSMA polypeptide is selected from
the group consisting of:

1) a polypeptide comprising amino acids 15-750 of SEQ
ID NO: 1;

2) a polypeptide comprising the amino acid sequence of
SEQ ID NO:3;

3) a polypeptide comprising the amino acid sequence of
SEQ ID NO:5;

4) a polypeptide comprising the amino acid sequence of
SEQ ID NO:7,

5) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO:9;

6) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO:3;

7) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO:5;

8) a polypeptide comprising the amino acids 4-739 of
SEQ ID NO:7; and

9) polypeptide comprising the amino acid sequence of
SEQ ID NO: 9.

In some particular embodiments, the present disclosure
provides a multi-antigen construct comprising at least one
nucleotide sequence encoding an immunogenic PSMA poly-
peptide, at least one nucleotide sequence encoding an immu-
nogenic PSA polypeptide, and at least one nucleotide
sequence encoding an immunogenic PSCA polypeptide,
wherein the nucleotide sequence encoding the immunogenic
PSA polypeptide is selected from the nucleotide sequence of
SEQ ID NO: 18 or SEQ ID NO: 20, wherein the nucleotide
sequence encoding the immunogenic PSCA polypeptide is
set forth in SEQ ID NO:22, and wherein the nucleotide
sequence encoding the immunogenic PSMA polypeptide is
selected from the group consisting of:

1) the nucleotide sequence of SEQ ID NO:2;

2) the nucleotide sequence of SEQ ID NO:4;

3) the nucleotide sequence of SEQ ID NO:6;

4) the nucleotide sequence of SEQ ID NO:8;

5) the nucleotide sequence of SEQ ID NO:10;

6) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:4;

7) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:6;

8) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:8; and

9) a nucleotide sequence comprising nucleotides 10-2217
of SEQ ID NO:10.

Examples of specific multi-antigen constructs provided
by the present disclosure include the nucleic acid molecules
that comprise a nucleotide sequence set forth in SEQ ID
NOs:23-36.

Multi-antigen constructs provided by the present disclo-
sure can be prepared using various techniques known in the
art in light of the disclosure. For example, a multi-antigen
construct can be constructed by incorporating multiple inde-
pendent promoters into a single plasmid (Huang, Y., Z.
Chen, et al. (2008). “Design, construction, and character-
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ization of a dual-promoter multigenic DNA vaccine directed
against an HIV-1 subtype C/B' recombinant.” J Acquir
Immune Defic Syndr 47(4): 403-411; Xu, K., Z. Y. Ling, et
al. (2011). “Broad humoral and cellular immunity elicited by
a bivalent DNA vaccine encoding HA and NP genes from an
HS5NI1 virus.” Viral Immunol 24(1): 45-56). The plasmid can
be engineered to carry multiple expression cassettes, each
consisting of a) a eukaryotic promoter for initiating RNA
polymerase dependent transcription, with or without an
enhancer element, b) a gene encoding a target antigen, and
¢) a transcription terminator sequence. Upon delivery of the
plasmid to the transfected cell nucleus, transcription will be
initiated from each promoter, resulting in the production of
separate mRNAs, each encoding one of the target antigens.
The mRNAs will be independently translated, thereby pro-
ducing the desired antigens.

Multi-antigen constructs provided by the present disclo-
sure can also be constructed using a single vector through
the use of viral 2A-like polypeptides (Szymczak, A. L. and
D. A. Vignali (2005). “Development of 2A peptide-based
strategies in the design of multicistronic vectors.” Expert
Opin Biol Ther 5(5): 627-638; de Felipe, P., G. A. Luke, et
al. (2006). “E unum pluribus: multiple proteins from a
self-processing polyprotein.” Trends Biotechnol 24(2):
68-75; Luke, G. A., P. de Felipe, et al. (2008). “Occurrence,
function and evolutionary origins of ‘2A-like’ sequences in
virus genomes.” J Gen Virol 89 (Pt 4): 1036-1042; Ibrahimi,
A., G. Vande Velde, et al. (2009). “Highly efficient multi-
cistronic lentiviral vectors with peptide 2A sequences.” Hum
Gene Ther 20(8): 845-860; Kim, J. H., S. R. Lee, et al.
(2011). “High cleavage efficiency of a 2A peptide derived
from porcine teschovirus-1 in human cell lines, zebrafish
and mice.” PLoS One 6(4): ¢18556). These polypeptides,
also called cleavage cassettes or CHYSELs (cis-acting
hydrolase elements), are approximately 20 amino acids long
with a highly conserved carboxy terminal D-V/[-EXNPGP
motif (FIG. 2). The cassettes are rare in nature, most
commonly found in viruses such as Foot-and-mouth disease
virus (FMDV), Equine rhinitis A virus (ERAV), Encepha-
lomyocarditis virus (EMCV), Porcine teschovirus (PTV),
and Thosea asigna virus (TAV) (Luke, G. A., P. de Felipe, et
al. (2008). “Occurrence, function and evolutionary origins
of ‘2A-like’ sequences in virus genomes.” J Gen Virol 89 (Pt
4): 1036-1042). With a 2A-based multi-antigen expression
strategy, genes encoding multiple target antigens can be
linked together in a single open reading frame, separated by
2A cassettes. The entire open reading frame can be cloned
into a vector with a single promoter and terminator. Upon
delivery of the constructs to a host cell, mRNA encoding the
multiple antigens will be transcribed and translated as a
single polyprotein. During translation of the 2A cassettes,
ribosomes skip the bond between the C-terminal glycine and
proline. The ribosomal skipping acts like a cotranslational
autocatalytic “cleavage” that releases upstream from down-
stream proteins. The incorporation of a 2A cassette between
two protein antigens results in the addition of ~20 amino
acids onto the C-terminus of the upstream polypeptide and
1 amino acid (proline) to the N-terminus of downstream
protein. In an adaptation of this methodology, protease
cleavage sites can be incorporated at the N terminus of the
2A cassette such that ubiquitous proteases will cleave the
cassette from the upstream protein (Fang, J., S. Yi, et al.
(2007). “An antibody delivery system for regulated expres-
sion of therapeutic levels of monoclonal antibodies in vivo.”
Mol Ther 15(6): 1153-1159).

Another strategy for constructing the multi-antigen con-
structs provided by the present disclosure involves the use of

30

40

45

55

65

20

an internal ribosomal entry site, or IRES. Internal ribosomal
entry sites are RNA elements (FIG. 3) found in the 5'
untranslated regions of certain RNA molecules (Bonnal, S.,
C. Boutonnet, et al. (2003). “IRESdb: the Internal Ribosome
Entry Site database.” Nucleic Acids Res 31(1): 427-428).
They attract eukaryotic ribosomes to the RNA to facilitate
translation of downstream open reading frames. Unlike
normal cellular 7-methylguanosine cap-dependent transla-
tion, IRES-mediated translation can initiate at AUG codons
far within an RNA molecule. The highly efficient process
can be exploited for use in multi-cistronic expression vectors
(Bochkov, Y. A. and A. C. Palmenberg (2006). “Transla-
tional efficiency of EMCV IRES in bicistronic vectors is
dependent upon IRES sequence and gene location.” Bio-
techniques 41(3): 283-284, 286, 288). Typically, two trans-
genes are inserted into a vector between a promoter and
transcription terminator as two separate open reading frames
separated by an IRES. Upon delivery of the constructs to a
host cell, a single long transcript encoding both transgenes
will be transcribed. The first ORF will be translated in the
traditional cap-dependent manner, terminating at a stop
codon upstream of the IRES. The second ORF will be
translated in a cap-independent manner using the IRES. In
this way, two independent proteins can be produced from a
single mRNA transcribed from a vector with a single expres-
sion cassette.

Although the multi-antigen expression strategies are
described here in the context of a DNA vaccine construct,
the principles apply similarly in the context of viral vector
genetic vaccines.

D. Vectors Containing a Nucleic Acid Molecule
Encoding an Immunogenic PAA Polypeptide

Another aspect of the invention relates to vectors con-
taining one or more nucleic acid molecules of the invention.
The vectors are useful for cloning or expressing the immu-
nogenic PAA polypeptides encoded by the nucleic acid
molecules, or for delivering the nucleic acid molecule in a
composition, such as a vaccine, to a host cell or to a host
animal, such as a human. A wide variety of vectors may be
prepared to contain and express a nucleic acid molecule of
the invention, such as plasmid vectors, cosmid vectors,
phage vectors, and viral vectors.

In some embodiments, the disclosure provides a plasmid-
based vector containing a nucleic acid molecule of the
invention. Representative examples of suitable plasmid vec-
tors include pBR325, pUCI18, pSKF, pET23D, and pGB-2.
Other representative examples of plasmid vectors, as well as
method of constructing such vectors, are described in U.S.
Pat. Nos. 5,580,859, 5,589,466, 5,688,688, 5,814,482 and
5,580,859.

In other embodiments, the present invention provides
vectors that are constructed from viruses, such as retrovi-
ruses, alphaviruses, adenoviruses. Representative examples
of retroviral vectors are described in more detail in EP
0,415,731; PCT Publication Nos. WO 90/07936; WO
91/0285, WO 9311230; WO 9310218, WO 9403622; WO
9325698; WO 9325234; and U.S. Pat. Nos. 5,219,740,
5,716,613, 5,851,529, 5,591,624, 5,716,826, 5,716,832, and
5,817,491. Representative examples of vectors that can be
generated from alphaviruses are described in U.S. Pat. Nos.
5,091,309 and 5,217,879, 5,843,723, and 5,789,245. In some
particular embodiments, the present disclosure provides
adenoviral vectors derived from non-human primate adeno-
viruses, such as simian adenoviruses. Examples of such
adenoviral vectors, as well as their preparation, are
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described in PCT application publication W02005/071093
and WO 2010/086189, and include non-replicating vectors
such as ChAd3, ChAd4, ChAdS, ChAd7, ChAdS, ChAd9,
ChAd10, ChAdl1, ChAdl6, ChAd17, ChAd19, ChAd20,
ChAd22, ChAd24, ChAd26, ChAd30, ChAd31, ChAd37,
ChAd38, ChAd44, ChAd63, ChAd6S8, ChAd82, ChAdSS,
ChAd73, ChAdS83, ChAd146, ChAd147, PanAdl, Pan Ad2,
and Pan Ad3, and replication-competent vectors such as Ad4
and Ad7 vectors. It is preferred that in constructing the
adenoviral vectors from the simian adenoviruses one or
more of the early genes from the genomic region of the virus
selected from E1A, E1B, E2A, E2B, E3, and E4 are either
deleted or rendered non-functional by deletion or mutation.
In a particular embodiment, the vector is constructed from
ChAd3 or ChAd68. Suitable vectors can also be generated
from other viruses such as: pox viruses, such as canary pox
virus or vaccinia virus (Fisher-Hoch et al., PNAS 86:317-
321, 1989; Flexner et al., Ann. N.Y. Acad. Sci. 569:86-103,
1989; Flexner et al., Vaccine 8:17-21, 1990; U.S. Pat. Nos.
4,603,112, 4,769,330 and 5,017,487, WO 89/01973); adeno-
associated vectors (see, e.g., U.S. Pat. No. 5,872,005); SV40
(Mulligan et al., Nature 277:108-114, 1979); herpes (Kit,
Adv. Exp. Med. Biol. 215:219-236, 1989; U.S. Pat. No.
5,288,641); and lentivirus such as HIV (Poznansky, J. Virol.
65:532-536, 1991).

Methods of constructing vectors are well known in the art.
Expression vectors typically include one or more control
elements that are operatively linked to the nucleic acid
sequence to be expressed. The term “control elements”
refers collectively to promoter regions, polyadenylation
signals, transcription termination sequences, upstream regu-
latory domains, origins of replication, internal ribosome
entry sites (“IRES”), enhancers, and the like, which collec-
tively provide for the replication, transcription, and transla-
tion of a coding sequence in a recipient cell. Not all of these
control elements need always be present so long as the
selected coding sequence is capable of being replicated,
transcribed, and translated in an appropriate host cell. The
control elements are selected based on a number of factors
known to those skilled in that art, such as the specific host
cells and source or structures of other vector components,
For enhancing the expression of an immunogenic PAA
polypeptide, a Kozak sequence can be provided upstream of
the sequence encoding the immunogenic PAA polypeptide.
For vertebrates, a known Kozak sequence is (GCC)NC-
CATGG, wherein N is A or G and GCC is less conserved.
Exemplary Kozak sequences that can be used include
ACCAUGG and ACCATGG.

E. Compositions Comprising an Immunogenic PAA
Polypeptide (Polypeptide Compositions)

In another aspect, the present disclosure provides com-
positions comprising one or more isolated immunogenic
PAA polypeptides provided by the present disclosure (“poly-
peptide composition™). In some embodiments, the polypep-
tide composition is an immunogenic composition useful for
eliciting an immune response against a PAA protein in a
mammal, such as a mouse, dog, nonhuman primates or
human. In some other embodiments, the polypeptide com-
position is a vaccine composition useful for immunization of
a mammal, such as a human, for inhibiting abnormal cell
proliferation, for providing protection against the develop-
ment of cancer (used as a prophylactic), or for treatment of
disorders (used as a therapeutic) associated with PAA over
expression, such as cancers, particularly prostate cancer.
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A polypeptide composition provided by the present dis-
closure may contain a single type of immunogenic PAA
polypeptide, such an immunogenic PSMA polypeptide, an
immunogenic PSA polypeptide, or an immunogenic PSCA
polypeptide. A composition may also contain a combination
of two or more different types of immunogenic PAA poly-
peptides. For example, a polypeptide composition may
contain immunogenic PAA polypeptides in any of the fol-
lowing combinations:

1) an immunogenic PSMA polypeptide and an immuno-
genic PSA polypeptide;

2) an immunogenic PSMA polypeptide and a PSCA
polypeptide; or

3) an immunogenic PSMA polypeptide, an immunogenic
PSA polypeptide, and a PSCA polypeptide.

An immunogenic composition or vaccine composition
provided by the present disclosure may further comprise a
pharmaceutically acceptable excipient. Pharmaceutically
acceptable excipients for immunogenic or vaccine compo-
sitions are known in the art. Examples of suitable excipients
include biocompatible oils, such as rape seed oil, sunflower
oil, peanut oil, cotton seed oil, jojoba oil, squalan, squalene,
physiological saline solution, preservatives and osmotic
pressure controlling agents, carrier gases, pH-controlling
agents, organic solvents, hydrophobic agents, enzyme
inhibitors, water absorbing polymers, surfactants, absorp-
tion promoters, pH modifiers, and anti-oxidative agents.

The immunogenic PAA polypeptide in a composition,
particularly an immunogenic composition or a vaccine com-
position, may be linked to, conjugated to, or otherwise
incorporated into a carrier for administration to a recipient.
The term “carrier” refers to a substance or structure that an
immunogenic polypeptide can be attached to or otherwise
associated with for delivery of the immunogenic polypeptide
to the recipient (e.g., patient). The carrier itself may be
immunogenic. Examples of carriers include immunogenic
polypeptides, immune CpG islands, limpet hemocyanin
(KLH), tetanus toxoid (TT), cholera toxin subunit B (CTB),
bacteria or Dbacterial ghosts, liposome, chitosome,
virosomes, microspheres, dendritic cells, or their like. One
or more immunogenic PAA polypeptide molecules may be
linked to a single carrier molecule. Methods for linking an
immunogenic polypeptide to a carrier are known in the art,

A vaccine composition or immunogenic composition pro-
vided by the present disclosure may be used in conjunction
with one or more immune modulators or adjuvants. The
immune modulators or adjuvants may be formulated sepa-
rately from the vaccine composition, or they may be part of
the same vaccine composition formulation. Thus, in one
embodiment, the vaccine composition further comprises one
or more immune modulators or adjuvants. Examples of
immune modulators and adjuvants are provided herein
below.

The polypeptide compositions, including the immuno-
genic and vaccine compositions, can be prepared in any
suitable dosage forms, such as liquid forms (e.g., solutions,
suspensions, or emulsions) and solid forms (e.g., capsules,
tablets, or powder), and by methods known to one skilled in
the art.

F. Compositions Comprising an Immunogenic PAA
Nucleic Acid Molecule (Nucleic Acid
Compositions)

The present disclosure also provides a composition com-
prising an isolated nucleic acid molecule or vector provided
by the present disclosure (herein “nucleic acid composi-
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tion’). The nucleic acid compositions are useful for eliciting
an immune response against a PAA protein in vitro or in vivo
in a mammal, including a human.

In some particular embodiments, the nucleic acid com-
position is a DNA vaccine composition for administration to
humans for inhibiting abnormal cell proliferation, providing
protection against the development of cancer (used as a
prophylactic), or for treatment of cancer (used as a thera-
peutic) associated with PAA over-expression, or for eliciting
an immune response to a particular human PAA, such as
PSMA, PSA, and PSCA. The nucleic acid molecule in the
composition may be a “naked” nucleic acid molecule, i.e.
simply in the form of an isolated DNA free from elements
that promote transfection or expression. Alternatively, the
nucleic acid molecule in the composition can be incorpo-
rated into a vector.

A nucleic acid composition provided by the present
disclosure may comprise individual isolated nucleic acid
molecules that each encode only one type of immunogenic
PAA polypeptide, such as an immunogenic PSMA polypep-
tide, an immunogenic PSA polypeptide, or an immunogenic
PSCA polypeptide.

A nucleic acid composition may comprise a multi-antigen
construct provided by the present disclosure that encodes
two or more types of immunogenic PAA polypeptides. A
multi-antigen construct may encode two or more immuno-
genic PAA polypeptides in any of the following combina-
tions:

1) an immunogenic PSMA polypeptide and an immuno-
genic PSA polypeptide;

2) an immunogenic PSMA polypeptide and an immuno-
genic PSCA polypeptide;

3) an immunogenic PSA polypeptide and an immuno-
genic PSCA polypeptide; and

4) an immunogenic PSMA polypeptide, an immunogenic
PSA polypeptide, and an immunogenic PSCA polypeptide.

The nucleic acid compositions, including the DNA vac-
cine compositions, may further comprise a pharmaceutically
acceptable excipient. Examples of suitable pharmaceutically
acceptable excipients for nucleic acid compositions, includ-
ing DNA vaccine compositions, are well known to those
skilled in the art and include sugars, etc. Such excipients
may be aqueous or non aqueous solutions, suspensions, and
emulsions. Examples of non-aqueous excipients include
propylene glycol, polyethylene glycol, vegetable oils such as
olive oil, and injectable organic esters such as ethyl oleate.
Examples of aqueous excipient include water, alcoholic/
aqueous solutions, emulsions or suspensions, including
saline and buffered media. Suitable excipients also include
agents that assist in cellular uptake of the polynucleotide
molecule. Examples of such agents are (i) chemicals that
modify cellular permeability, such as bupivacaine, (ii) lipo-
somes or viral particles for encapsulation of the polynucle-
otide, or (iii) cationic lipids or silica, gold, or tungsten
microparticles which associate themselves with the poly-
nucleotides. Anionic and neutral liposomes are well-known
in the art (see, e.g., Liposomes: A Practical Approach, RPC
New Ed, IRL press (1990), for a detailed description of
methods for making liposomes) and are useful for delivering
a large range of products, including polynucleotides. Cat-
ionic lipids are also known in the art and are commonly used
for gene delivery. Such lipids include Lipofectin™ also
known as DOTMA (N—]I-(2,3-dioleyloxy) propyls N,N,
N-trimethylammonium chloride), DOTAP (1,2-bis (oley-
loxy)-3 (trimethylammonio) propane), DDAB (dimethyl-
dioctadecyl-ammonium bromide), DOGS (dioctadecylami-
dologlycyl spermine) and cholesterol derivatives such as
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DCChol (3 beta-(N—(N',N'-dimethyl aminomethane)-car-
bamoyl) cholesterol). A description of these cationic lipids
can be found in EP 187,702, WO 90/11092, U.S. Pat. No.
5,283,185, WO 91/15501, WO 95/26356, and U.S. Pat. No.
5,527,928. A particular useful cationic lipid formulation that
may be used with the nucleic vaccine provided by the
disclosure is VAXFECTIN, which is a commixture of a
cationic lipid (GAP-DMORIE) and a neutral phospholipid
(DPyPE) which, when combined in an aqueous vehicle,
self-assemble to form liposomes. Cationic lipids for gene
delivery are preferably used in association with a neutral
lipid such as DOPE (dioleyl phosphatidylethanolamine), as
described in WO 90/11092 as an example. In addition, a
DNA vaccine can also be formulated with a nonionic block
copolymer such as CRL.1005.

G. Uses of the Immunogenic PAA Polypeptides,
Nucleic Acid Molecules, and Compositions

In other aspects, the present disclosure provides methods
of using the immunogenic PAA polypeptides, isolated
nucleic acid molecules, and compositions comprising an
immunogenic PAA polypeptide or isolated nucleic acid
molecule described herein above.

In one aspect, the present disclosure provides a method of
eliciting an immune response against a PAA in a mammal,
particularly a human, comprising administering to the mam-
mal an effective amount of (1) an immunogenic PAA
polypeptide provided by the disclosure that is immunogenic
against the target PAA, (2) an isolated nucleic acid molecule
encoding such an immunogenic PAA polypeptide, (3) a
composition comprising such an immunogenic PAA poly-
peptide, or (4) a composition comprising an isolated nucleic
acid molecule encoding such an immunogenic PAA poly-
peptide.

In some embodiments, the disclosure provides a method
of eliciting an immune response against PSMA in a human,
comprising administering to the human an effective amount
of an immunogenic PSMA composition provided by the
present disclosure, wherein the immunogenic PSMA com-
position is selected from: (1) an immunogenic PSMA poly-
peptide, (2) an isolated nucleic acid molecule encoding an
immunogenic PSMA polypeptide, (3) a composition com-
prising an immunogenic PSMA polypeptide, or (4) a com-
position comprising an isolated nucleic acid molecule
encoding an immunogenic PSMA polypeptide.

In some other embodiments, the disclosure provides a
method of eliciting an immune response against PSA in a
human, comprising administering to the human an effective
amount of an immunogenic PSA composition provided by
the present disclosure, wherein the immunogenic PSA com-
position is selected from: (1) an immunogenic PSA poly-
peptide, (2) an isolated nucleic acid molecule encoding an
immunogenic PSA polypeptide, (3) a composition compris-
ing an immunogenic PSA polypeptide, or (4) a composition
comprising an isolated nucleic acid molecule encoding an
immunogenic PSA polypeptide.

In another aspect, the present disclosure provides a
method of inhibiting abnormal cell proliferation in a human,
wherein the abnormal cell proliferation is associated with
over-expression of a PAA. The method comprises adminis-
tering to the human an effective amount of immunogenic
PAA composition provided by the present disclosure that is
immunogenic against the over-expressed PAA. The immu-
nogenic PAA composition may be (1) an immunogenic PAA
polypeptide, (2) an isolated nucleic acid molecule encoding
one or more immunogenic PAA polypeptides, (3) a compo-
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sition comprising an immunogenic PAA polypeptide, or (4)
a composition comprising an isolated nucleic acid molecule
encoding one or more immunogenic PAA polypeptides. In
some embodiments, the method is for inhibiting abnormal
cell proliferation in prostate in a human. In a particular
embodiment, the present disclosure provide a method of
inhibiting abnormal cell proliferation in prostate over-ex-
pressing PSMA, comprising administering to the human
effective amount of (1) an immunogenic PSMA polypeptide,
(2) an isolated nucleic acid molecule encoding one or more
immunogenic PSMA polypeptides, (3) a composition com-
prising an immunogenic PSMA polypeptide, or (4) a com-
position comprising an isolated nucleic acid molecule
encoding one or more immunogenic PSMA polypeptide.

In another aspect, the present disclosure provides a
method of treating cancer in a human wherein cancer is
associated with over-expression of a PAA. The method
comprises administering to the human an effective amount
of immunogenic PAA composition capable of eliciting an
immune response against the over-expressed PAA. The
immunogenic PAA composition may be (1) an immunogenic
PAA polypeptide, (2) an isolated nucleic acid molecule
encoding one or more immunogenic PAA polypeptides, (3)
a composition comprising an immunogenic PAA polypep-
tide, or (4) a composition comprising an isolated nucleic
acid molecule encoding one or more immunogenic PAA
polypeptides. Examples of cancers that may be treated with
the method include breast cancer, stomach cancer, ovarian
cancer, lung cancer, bladder cancer, colorectal cancer, renal
cancer, pancreatic cancer and prostate cancer.

In some embodiments, the disclosure provides a method
of treating prostate cancer in a human, comprising admin-
istering to the human an effective amount of a nucleic acid
composition provided herein above. The nucleic acids in the
composition may encode only one particular immunogenic
PAA polypeptide, such an immunogenic PSMA polypeptide,
an immunogenic PSA polypeptide, or an immunogenic
PSCA polypeptide. The nucleic acids in the composition
may also encode two or more different immunogenic PAA
polypeptides, such as: (1) an immunogenic PSMA polypep-
tide and an immunogenic PSA polypeptide; (2) an immu-
nogenic PSMA polypeptide and an immunogenic PSCA
polypeptide; (3) an immunogenic PSA polypeptide and an
immunogenic PSCA polypeptide; (4) an immunogenic
PSMA polypeptide, an immunogenic PSA polypeptide, and
an immunogenic PSCA polypeptide. Each individual nucleic
acid molecule in the composition may encode only one
particular immunogenic PAA polypeptide, such as a PSMA
polypeptide, a PSA polypeptide, or a PSCA polypeptide.
Alternatively, an individual nucleic acid molecule in the
composition may be a multi-antigen constructs encoding
two different types of immunogenic PAA polypeptides, such
as: (1) an immunogenic PSMA polypeptide and an immu-
nogenic PSA polypeptide; (2) an immunogenic PSMA poly-
peptide and an immunogenic PSCA polypeptide; (3) an
immunogenic PSCA polypeptide and an immunogenic PSA
polypeptide; or (4) an immunogenic PSMA polypeptide, an
immunogenic PSA polypeptide, and an immunogenic PSCA
polypeptide. In some particular embodiments, the nucleic
acid composition comprises a multi-antigen construct that
encode at least (4) an immunogenic PSMA polypeptide, an
immunogenic PSA polypeptide, and an immunogenic PSCA
polypeptide. The immunogenic PSCA polypeptide con-
tained in vaccine compositions or expressed by a nucleic
acid in vaccine compositions for the treatment of prostate
cancer in human is preferably the human full length PSCA
protein.
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The polypeptide and nucleic acid compositions can be
administered to an animal, including human, by a number of
methods known in the art. Examples of suitable methods
include: (1) intramuscular, intradermal, intraepidermal,
intravenous, intraarterial, subcutaneous, or intraperitoneal
administration, (2) oral administration, and (3) topical appli-
cation (such as ocular, intranasal, and intravaginal applica-
tion). One particular method of intradermal or intraepider-
mal administration of a nucleic acid vaccine composition
that may be used is gene gun delivery using the Particle
Mediated Epidermal Delivery (PMED™) vaccine delivery
device marketed by PowderMed. PMED is a needle-free
method of administering vaccines to animals or humans. The
PMED system involves the precipitation of DNA onto
microscopic gold particles that are then propelled by helium
gas into the epidermis. The DNA-coated gold particles are
delivered to the APCs and keratinocytes of the epidermis,
and once inside the nuclei of these cells, the DNA elutes off
the gold and becomes transcriptionally active, producing
encoded protein. This protein is then presented by the APCs
to the lymphocytes to induce a T-cell-mediated immune
response. Another particular method for intramuscular
administration of a nucleic acid vaccine provided by the
present disclosure is electroporation. Electroporation uses
controlled electrical pulses to create temporary pores in the
cell membrane, which facilitates cellular uptake of the
nucleic acid vaccine injected into the muscle. Where a CpG
is used in combination with a nucleic acid vaccine, it is
preferred that the CpG and nucleic acid vaccine are co-
formulated in one formulation and the formulation is admin-
istered intramuscularly by electroporation.

The effective amount of the immunogenic PAA polypep-
tide or nucleic acid encoding an immunogenic PAA poly-
peptide in the composition to be administered in a given
method provided by the present disclosure can be readily
determined by a person skilled in the art and will depend on
a number of factors. In a method of treating cancer, such as
prostate cancer, factors that may be considered in determin-
ing the effective amount of the immunogenic PAA polypep-
tide or nucleic acid include, but not limited: (1) the subject
to be treated, including the subject’s immune status and
health, (2) the severity or stage of the cancer to be treated,
(3) the specific immunogenic PAA polypeptides used or
expressed, (4) the degree of protection or treatment desired,
(5) the administration method and schedule, and (6) other
therapeutic agents (such as adjuvants or immune modula-
tors) used. In the case of nucleic acid vaccine compositions,
including the multi-antigen vaccine compositions, the
method of formulation and delivery are among the key
factors for determining the dose of the nucleic acid required
to elicit an effective immune response. For example, the
effective amounts of the nucleic acid may be in the range of
2 pg/dose-10 mg/dose when the nucleic acid vaccine com-
position is formulated as an aqueous solution and adminis-
tered by hypodermic needle injection or pneumatic injec-
tion, whereas only 16 ng/dose-16 pg/dose may be required
when the nucleic acid is prepared as coated gold beads and
delivered using a gene gun technology. The dose range for
a nucleic acid vaccine by electroporation is generally in the
range of 0.5-10 mg/dose. In the case where the nucleic acid
vaccine is administered together with a CpG by electropo-
ration in a co-formulation, the dose of the nucleic acid
vaccine may be in the range of 0.5-5 mg/dose and the dose
of CpG is typically in the range of 0.05 mg-5 mg/dose, such
as 0.05, 0.2, 0.6, or 1.2 mg/dose per person.

The nucleic acid or polypeptide vaccine composition of
the present invention can be used in a prime-boost strategy
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to induce robust and long-lasting immune response. Priming
and boosting vaccination protocols based on repeated injec-
tions of the same immunogenic construct are well known. In
general, the first dose may not produce protective immunity,
but only “primes” the immune system. A protective immune
response develops after the second or third dose (the
“boosts). The boosts are performed according to conven-
tional techniques, and can be further optimized empirically
in terms of schedule of administration, route of administra-
tion, choice of adjuvant, dose, and potential sequence when
administered with another vaccine. In one embodiment, the
nucleic acid or polypeptide vaccines of the present invention
are used in a conventional homologous prime-boost strategy,
in which the same vaccine is administered to the animal in
multiple doses. In another embodiment, the nucleic acid or
polypeptide vaccine compositions are used in a heterologous
prime-boost vaccination, in which different types of vac-
cines containing the same antigens are administered at
predetermined time intervals. For example, a nucleic acid
construct may be administered in the form of a plasmid in
the initial dose (“prime”) and as part of a vector in the
subsequent doses (“boosts™), or vice versa.

For the treatment of prostate cancer, the polypeptide or
nucleic acid vaccines of the present invention may be used
together with prostate cancer vaccines based on other anti-
gens, such as prostatic acid phosphatase-based antigens and
androgen receptor.

The polypeptide or nucleic acid vaccine composition of
the present invention may be used together with one or more
adjuvants. Examples of suitable adjuvants include: (1) oil-
in-water emulsion formulations (with or without other spe-
cific immunostimulating agents such as muramyl polypep-
tides or bacterial cell wall components), such as for example
(a) MF59™ (PCT Publication No. WO 90/14837; Chapter
10 in Vaccine design: the subunit and adjuvant approach,
eds. Powell & Newman, Plenum Press 1995), containing 5%
Squalene, 0.5% Tween 80 (polyoxyethylene sorbitan mono-
oleate), and 0.5% Span 85 (sorbitan trioleate) formulated
into submicron particles using a microfiuidizer, (b) SAF,
containing 10% Squalene, 0.4% Tween 80, 5% pluronic-
blocked polymer 1121, and thr-MDP either microfluidized
into a submicron emulsion or vortexed to generate a larger
particle size emulsion, and (¢) RIBI™ adjuvant system
(RAS) (Ribi Immunochem, Hamilton, Mont.) containing 2%
Squalene, 0.2% Tween 80, and one or more bacterial cell
wall components such as monophosphorylipid A (MPL),
trehalose dimycolate (TDM), and cell wall skeleton (CWS);
(2) saponin adjuvants, such as QS21, STIMULON™ (Cam-
bridge Bioscience, Worcester, Mass.), Abisco® (Isconova,
Sweden), or Iscomatrix® (Commonwealth Serum Labora-
tories, Australia); (3) Complete Freund’s Adjuvant (CFA)
and Incomplete Freund’s Adjuvant (IFA); (4) cytokines,
such as interleukins (e.g. IL-1, IL-2, 1.4, IL-5, IL-6, IL.-7,
1L-12 (PCT Publication No. WO 99/44636), etc.), interfer-
ons (e.g. gamma interferon), macrophage colony stimulating
factor (M-CSF), tumor necrosis factor (TNF), etc.; (5)
monophosphoryl lipid A (MPL) or 3-O-deacylated MPL
(3dMPL), optionally in the substantial absence of alum
when wused with pneumococcal saccharides (e.g.
GB-2220221, EP-A-0689454, WO 00/56358); (6) combina-
tions of 3dMPL with, for example, QS21 and/or oil-in-water
emulsions (e.g. EP-A-0835318, EP-A-0735898, EP-A-
0761231); (7) oligonucleotides comprising CpG motifs, i.e.
containing at least one CG dinucleotide, where the cytosine
is unmethylated (e.g., Krieg, Vaccine (2000) 19:618-622;
Krieg, Curr Opin Mol Ther (2001) 3:15-24; WO 98/40100,
WO 98/55495, WO 98/37919 and WO 98/52581); (8) a
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polyoxyethylene ether or a polyoxyethylene ester (e.g. WO
99/52549); (9) a polyoxyethylene sorbitan ester surfactant in
combination with an octoxynol (e.g., WO 01/21207) or a
polyoxyethylene alkyl ether or ester surfactant in combina-
tion with at least one additional non-ionic surfactant such as
an octoxynol (e.g., WO 01/21152); (10) a saponin and an
immunostimulatory oligonucleotide (e.g. a CpG oligonucle-
otide) (e.g., WO 00/62800); (11) metal salt including alu-
minum salts (such as alum, aluminum phosphate, aluminum
hydroxide); (12) a saponin and an oil-in-water emulsion
(e.g. WO 99/11241); (13) a saponin (e.g. QS21)+3dMPL+
IM2 (optionally+a sterol)(e.g. WO 98/57659); (14) other
substances that act as immunostimulating agents to enhance
the efficacy of the composition, such as Muramyl polypep-
tides including N-acetyl-muramyl-L-threonyl-D-isogluta-
mine (thr-MDP), N-25 acetyl-normuramyl-L.-alanyl-D-iso-
glutamine  (nor-MDP),  N-acetylmuramyl-I.-alanyl-D-
isoglutarninyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-
hydroxyphosphoryloxy)-ethylamine MTP-PE), (15) ligands
for toll-like receptors (TLR), natural or synthesized (e.g.
Kanzler et al., Nature Med. 13:1552-1559 (2007)), including
TLR3 ligands such as polyl:C and similar compounds such
as Hiltonol and Ampligen.

The polypeptide or nucleic acid vaccine compositions of
the present invention may be used together with one or more
immune modulators. Examples of suitable immune modu-
lators include protein tyrosine kinase inhibitors (such as
afatinib, axitinib, cediranib, erlotinib, gefitinib, grandinin,
lapatinib, lestaurtinib, neratinib, pazopanib, quizartinib,
regorafenib, semaxanib, sorafenib, sunitinib, tivozanib,
toceranib, bosutinib and vandetanib), CD40 agonists (such
as CD40 agonist antibody), OX40 agonists (such as OX40
agonist antibody), CTLA-4 inhibitors (such as antiCTLA-4
antibody Ipilimumab and Tremelimumab), TLR agonists,
4-1BB agonists, Tim-1 antagonists, LAGE-3 antagonists
and PD-L1 & PD-1 antagonists.

H. Vaccine-Based Immunotherapy Regimens

(VBIR)

In a further aspect, the present disclosure provides a
method of enhancing the immunogenicity or therapeutic
effect of a vaccine for the treatment of a neoplastic disorder
in a mammal, particularly a human. The method comprises
administering to the mammal receiving the vaccine for the
treatment of a neoplastic disorder (1) an effective amount of
at least one immune-suppressive-cell inhibitor (ISC inhibi-
tor) and (2) an effective amount of at least one immune-
effector-cell enhancer (IEC enhancer). The method may be
used in combination with a vaccine in any form or formu-
lation, for example, a subunit vaccine, a protein-based
vaccine, a peptide-based vaccine, or a nucleic acid-based
vaccines such as a DNA-based vaccine, a RNA-based vac-
cine, a plasmid-based vaccine, or a vector-based vaccine. In
addition, the method is not limited to any particular types of
vaccines or any particular types of cancer. Rather, the
method may be used in combination with any vaccine
intended for the treatment of neoplastic disorder, including
benign, pre-malignant, and malignant neoplastic disorders.
For example, the method may be used in combination a
vaccine that is intended for the treatment of any of the
following neoplastic disorders: carcinoma including that of
the bladder (including accelerated and metastatic bladder
cancer), breast, colon (including colorectal cancer), kidney,
liver, lung (including small and non-small cell lung cancer
and lung adenocarcinoma), ovary, prostate, testes, genito-
urinary tract, lymphatic system, rectum, larynx, pancreas
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(including exocrine pancreatic carcinoma), esophagus,
stomach, gall bladder, cervix, thyroid, and skin (including
squamous cell carcinoma); hematopoietic tumors of lym-
phoid lineage including leukemia, acute lymphocytic leuke-
mia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Hodgkins lymphoma, non-Hodgkins lymphoma,
hairy cell lymphoma, histiocytic lymphoma, and Burketts
lymphoma; hematopoietic tumors of myeloid lineage
including acute and chronic myelogenous leukemias, myelo-
dysplastic syndrome, myeloid leukemia, and promyelocytic
leukemia; tumors of the central and peripheral nervous
system including astrocytoma, neuroblastoma, glioma, and
schwannomas; tumors of mesenchymal origin including
fibrosarcoma, rhabdomyosarcoma, and osteosarcoma; other
tumors including melanoma, xenoderma pigmentosum,
keratoactanthoma, seminoma, thyroid follicular cancer, and
teratocarcinoma; melanoma, unresectable stage III or IV
malignant melanoma, squamous cell carcinoma, small-cell
lung cancer, non-small cell lung cancer, glioma, gastroin-
testinal cancer, renal cancer, ovarian cancer, liver cancer,
colorectal cancer, endometrial cancer, kidney cancer, pros-
tate cancer, thyroid cancer, neuroblastoma, pancreatic can-
cer, glioblastoma multiforme, cervical cancer, stomach can-
cer, bladder cancer, hepatoma, breast cancer, colon
carcinoma, and head and neck cancer, gastric cancer, germ
cell tumor, bone cancer, bone tumors, adult malignant
fibrous histiocytoma of bone; childhood malignant fibrous
histiocytoma of bone, sarcoma, pediatric sarcoma, sinonasal
natural killer, neoplasms, plasma cell neoplasm; myelodys-
plastic syndromes; neuroblastoma; testicular germ cell
tumor, intraocular melanoma, myelodysplastic syndromes;
myelodysplastic/myeloproliferative diseases, synovial sar-
coma, chronic myeloid leukemia, acute lymphoblastic leu-
kemia, philadelphia chromosome positive acute lympho-
blastic leukemia (Ph+ALL), multiple myeloma, acute
myelogenous leukemia, chronic lymphocytic leukemia, and
mastocytosis.

In some embodiments, present disclosure provides a
method of enhancing the immunogenicity or therapeutic
effect of a vaccine for the treatment of prostate cancer in a
human. The vaccine administered may be capable of elicit-
ing an immune response against any human PAA, such as
PSMA, PSA, or PSCA. In some particular embodiments, the
vaccine administered comprises a nucleic acid molecule
encoding an antigen capable of eliciting immunogenicity
against a human PAA, such as PSMA, PSA, or PSCA.
Examples of specific nucleic acid molecules that may be
contained in the vaccine include the following provided by
the present disclosure:

1) a nucleic acid molecule encoding an immunogenic
PSMA polypeptide, an immunogenic PSA polypeptide, or
an immunogenic PSCA polypeptide;

2) a nucleic acid molecule encoding two immunogenic
PAA polypeptides provided by the present disclosure, such
as a) an immunogenic PSMA polypeptide and an immuno-
genic PSA polypeptide; b) an immunogenic PSMA poly-
peptide and an immunogenic PSCA polypeptide; or ¢) an
immunogenic PSA polypeptide and an immunogenic PSCA
polypeptide; and

3) a nucleic acid molecule encoding three immunogenic
PAA polypeptides, which are an immunogenic PSMA poly-
peptide, an immunogenic PSA polypeptide, and an immu-
nogenic PSCA polypeptide.

In another further aspect, the present disclosure provides
a method of treating a neoplastic disorder in a mammal,
particularly a human. The method comprises administering
to the mammal (1) an effective amount of a vaccine capable
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of eliciting an immune response against a TAA associated
with the neoplastic disorder, (2) an effective amount of at
least one immune-suppressive-cell inhibitor (ISC inhibitor),
and (3) an effective amount of at least one immune-effector-
cell enhancer (IEC enhancer). Any vaccine that is capable of
eliciting an immune response against a particular TAA may
be used in the method. Many TAAs are known in the art. In
addition to the prostate-associated antigens, the following
are examples of TAAs that are known in the art: CEA,
MUC-1, Ep-CAM, 5T4, hCG-b, K-ras, and TERT for col-
orectal cancer; CEA, Muc-1, p53, mesothelin, Survivin, and
NY-ESO-1 for ovarian cancer; Muc-1, 5T4, WT-1, TERT,
CEA, EGF-R and MAGE-A3 for non-small cell lung cancer;
5T4 for renal cell carcinoma; and Muc-1, mesothelin,
K-Ras, Annexin A2, TERT, and CEA for pancreatic cancer.
New TAAs continue to be identified. A vaccine that is
capable of eliciting an immune response against any of the
known or new TAAs can be used in the method. In addition,
the vaccine administered may be in any form or formulation,
for example, subunit vaccines, protein-based vaccine, pep-
tide based vaccines, or nucleic acid-based vaccines such
DNA-based vaccines, RNA-based vaccines, plasmid-based
vaccines, or vector-based vaccines.

In some embodiments, the present disclosure provides a
method of treating a prostate cancer in a human, the method
comprising administering to the human a vaccine capable of
eliciting an immune response against any human PAA, such
as PSMA, PSA, or PSCA. In some particular embodiments,
the vaccine administered comprises a nucleic acid molecule
encoding an antigen capable of eliciting immunogenicity
against a human PAA, such as PSMA, PSA, or PSCA.
Examples of specific nucleic acid molecules that may be
contained in the vaccine include the following provided by
the present disclosure:

1) a nucleic acid molecule encoding an immunogenic
PSMA polypeptide, an immunogenic PSA polypeptide, or
an immunogenic PSCA polypeptide;

2) a nucleic acid molecule encoding two immunogenic
PAA polypeptides provided by the present disclosure, such
as a) an immunogenic PSMA polypeptide and an immuno-
genic PSA polypeptide; b) an immunogenic PSMA poly-
peptide and an immunogenic PSCA polypeptide; or ¢) an
immunogenic PSA polypeptide and an immunogenic PSCA
polypeptide; and

3) a nucleic acid molecule encoding three immunogenic
PAA polypeptides, which are an immunogenic PSMA poly-
peptide, an immunogenic PSA polypeptide, and an immu-
nogenic PSMA polypeptide.

The method of treating a neoplastic disorder in a mammal
and the method of enhancing the immunogenicity or thera-
peutic effect of a vaccine for the treatment of a neoplastic
disorder in a mammal described herein above are alterna-
tively referred to as “vaccine-based immunotherapy regi-
mens” (or “VBIR”).

In the vaccine-based immunotherapy regimens, the IEC
enhancers and ISC inhibitors may be administered by any
suitable methods and routes, including (1) systemic admin-
istration such as intravenous, intramuscular, or oral admin-
istration, and (2) local administration such intradermal and
subcutaneous administration. Where appropriate or suitable,
local administration is generally preferred over systemic
administration. Local administration of any IEC enhancer
and ISC inhibitor can be carried out at any location of the
body of the mammal that is suitable for local administration
of pharmaceuticals; however, it is more preferable that these
immune modulators are administered locally at close prox-
imity to the vaccine draining lymph node.
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Two or more specific IEC enhancers from a single class
of IEC enhancers (for examples, two CTLA-agonists) may
be administered in combination with the ISC inhibitors. In
addition, two or more specific IEC enhancers from two or
more different classes of IEC enhancers (for example, one
CTLA-4 antagonist and one TLR agonist) may be admin-
istered together. Similarly, two or more specific ISC inhibi-
tors from a single class of ISC inhibitors (for examples, two
or more protein kinase inhibitors) may be administered in
combination with the IEC enhancers. In addition, two or
more specific ISC inhibitors from two or more different
classes of ISC inhibitors (for example, one protein kinase
inhibitor and one COX-2 inhibitor) may be administered
together.

In the vaccine-based immunotherapy regimens the vac-
cine may be administered simultaneously or sequentially
with any or all of the immune modulators (i.e., ISC inhibi-
tors and IEC enhancers) used. Similarly, when two or more
immune modulators are used, they may be administered
simultaneously or sequentially with respect to each other. In
some embodiments, a vaccine is administered simultane-
ously (e.g., in a mixture) with respect to one immune
modulator, but sequentially with respect to one or more
additional immune modulators. Co-administration of the
vaccine and the immune modulators in the vaccine-based
immunotherapy regimen can include cases in which the
vaccine and at least one immune modulator are administered
so that each is present at the administration site, such as
vaccine draining lymph node, at the same time, even though
the antigen and the immune modulators are not administered
simultaneously. Co-administration of the vaccine and the
immune modulators also can include cases in which the
vaccine or the immune modulator is cleared from the
administration site, but at least one cellular effect of the
cleared vaccine or immune modulator persists at the admin-
istration site, such as vaccine draining lymph node, at least
until one or more additional immune modulators are admin-
istered to the administration site. In cases where a nucleic
acid vaccine is administered in combination with a CpG, the
vaccine and CpG may be contained in a single formulation
and administered together by any suitable method. In some
embodiments, the nucleic acid vaccine and CpG in a co-
formulation (mixture) is administered by intramuscular
injection in combination with electroporation.

Any ISC inhibitors may be used in the vaccine-based
immunotherapy regimens. Examples of classes of SIC
inhibitors include protein kinase inhibitors, cyclooxy-
genase-2 (COX-2) inhibitors, phosphodiesterase type 5
(PDES) inhibitors, and DNA crosslinkers. Examples COX-2
inhibitors include celecoxib and rofecoxib. Examples of
PDES5 inhibitors include avanafil, lodenafil, mirodenafil,
sildenafil, tadalafil, vardenafil, udenafil, and zaprinast. An
example of DNA crosslinkers is cyclophosphamide.
Examples of specific protein kinase inhibitors are described
in details below.

The term “protein kinase inhibitor” refers to any sub-
stance that acts as a selective or non-selective inhibitor of a
protein kinase. The term “protein kinases™ refers to the
enzymes that catalyze the transfer of the terminal phosphate
of adenosine triphosphate to tyrosine, serine or threonine
residues in protein substrates. Protein kinases include recep-
tor tyrosine kinases and non-receptor tyrosine Kkinases.
Examples of receptor tyrosine kinases include EGFR (e.g.,
EGFR/HER1/ErbB1, HER2/Neuw/ErbB2, HER3/ErbB3,
HER4/ErbB4), INSR (insulin receptor), IGF-IR, IGF-II1R,
IRR (insulin receptor-related receptor), PDGFR (e.g., PDG-
FRA, PDGFRB), ¢-KIT/SCFR, VEGFR-1/FLT-1, VEGFR-
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2/FLK-1/KDR, VEGFR-3/FLT-4, FLT-3/FLK-2, CSF-1R,
FGFR 1-4, CCK4, TRK A-C, MET, RON, EPHA 1-8, EPHB
1-6, AXL, MER, TYRO3, TIE, TEK, RYK, DDR 1-2, RET,
¢-ROS, LTK (leukocyte tyrosine kinase), ALK (anaplastic
lymphoma kinase), ROR 1-2, MUSK, AATYK 1-3, and
RTK 106. Examples of non-receptor tyrosine kinases
include BCR-ABL, Src, Frk, Btk, Csk, Abl, Zap70, Fes/Fps,
Fak, Jak, Ack, and LIMK. In the vaccine-based immuno-
therapy regimen provided by the present disclosure, the
protein kinase inhibitors are administered to the mammal at
a suboptimal dose. The term “suboptimal dose” refers to the
dose amount that is below the minimum effective dose when
the tyrosine kinase inhibitor is administered in a mono-
therapy (i.e., where the protein kinase inhibitor is adminis-
tered alone without any other therapeutic agents) for the
target neoplastic disorder.

Examples of specific protein kinase inhibitors suitable for
use in the vaccine-based immunotherapy regimen include
Lapatinib, AZD 2171, ET180CH 3, Indirubin-3'-oxime,
NSC-154020, PD 169316, Quercetin, Roscovitine, Tricirib-
ine, ZD 1839, 5-lodotubercidin, Adaphostin, Aloisine,
Alsterpaullone, Aminogenistein, API-2, Apigenin, Arcti-
genin, ARRY-334543, Axitinib (AG-013736), AY-22989,
AZD 2171, Bisindolylmaleimide IX, CCI-779, Cheleryth-
rine, DMPQ, DRB, Edelfosine, ENMD-981693, Erbstatin
analog, Erlotinib, Fasudil, Gefitinib (ZD1839), H-7, H-8,
H-89, HA-100, HA-1004, HA-1077, HA-1100, Hydroxyfa-
sudil, Kenpaullone, KN-62, KY12420, LFM-A13, Luteolin,
LY294002, 1.Y-294002, Mallotoxin, ML-9, MLN608, NSC-
226080, NSC-231634, NSC-664704, NSC-680410,
NU6102, Olomoucine, Oxindole I, PD 153035, PD 98059,
Phloridzin, Piceatannol, Picropodophyllin, PKI, PP1, PP2,
PTK787/ZK222584, PTK787/7ZK-222584, Purvalanol A,
Rapamune, Rapamycin, Ro 31-8220, Rottlerin, SB202190,
SB203580, Sirolimus, SI.327, SP600125, Staurosporine,
STI-571, SU1498, SU4312, SU5416, SU5416 (Semaxanib),
SU6656, SU6668, syk inhibitor, TBB, TCN, Tyrphostin AG
1024, Tyrphostin AG 490, Tyrphostin AG 825, Tyrphostin
AG 957, U0126, W-7, Wortmannin, Y-27632, Zactima
(ZD6474), ZM 252868. gefitinib (Iressa®), sunitinib malate
(Sutent®; SU11248), erlotinib (Tarceva®; OSI-1774), lapa-
tinib (GW572016; GW2016), canertinib (CI 1033), semax-
inib (SU5416), vatalanib (PTK787/7K222584), sorafenib
(BAY 43-9006), imatinib (Gleevec®; STI571), dasatinib
(BMS-354825), leflunomide (SU101), vandetanib (Zac-
tima®; ZD6474), and nilotinib. Additional protein kinase
inhibitors suitable for use in the present invention are
described in, e.g., U.S. Pat. Nos. 5,618,829, 5,639,757,

5,728,868, 5,804,396, 6,100,254, 6,127,374, 6,245,759,
6,306,874, 6,313,138, 6,316,444, 6,329,380, 6,344,459,
6,420,382, 6,479,512, 6,498,165, 6,544,988, 6,562,818,
6,586,423, 6,586,424, 6,740,665, 6,794,393, 6,875,767,
6,927,293, and 6,958,340.

In some embodiments, the protein kinase inhibitor is a
multi-kinase inhibitor, which is an inhibitor that acts on

more than one specific kinase. Examples of multi-kinase
inhibitors include imatinib, sorafenib, lapatinib, BIRB-796,
and AZD-1152, AMG706, Zactima (ZD6474), MP-412,
sorafenib (BAY 43-9006), dasatinib, CEP-701 (lestaurtinib),
XL647, X1.999, Tykerb (lapatinib), MLNS518, (formerly
known as CT53518), PKC412, ST1571, AEE 788, OSI-930,
OSI-817, sunitinib malate (Sutent), axitinib (AG-013736),
erlotinib, gefitinib, axitinib, bosutinib, temsirolismus and
nilotinib (AMN107). In some particular embodiments, the
tyrosine kinase inhibitor is sunitinib, sorafenib, or a phar-
maceutically acceptable salt or derivative (such as a malate
or a tosylate) of sunitinib or sorafenib.
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Sunitinib malate, which is marketed by Pfizer Inc. under
the trade name SUTENT, is described chemically as butane-
dioic acid, hydroxy-, (25)-, compound with N-[2-(diethyl-
amino)ethyl]-5-[(Z)-(5-fluoro-1,2-dihydro-2-0x0-3H-indol-
3-ylidine)methyl]-2,4-dimethyl-1H-pyrrole-3-carboxamide
(1:1). The compound, its synthesis, and particular poly-
morphs are described in U.S. Pat. No. 6,573,293, U.S. Patent
Publication Nos. 2003-0229229, 2003-0069298 and 2005-
0059824, and in J. M. Manley, M. J. Kalman, B. G. Conway,
C. C. Ball, J. L Havens and R. Vaidyanathan, “Early Ami-
dation Approach to 3-[(4-amido)pyrrol-2-yl]-2-indolino-
nes,” J. Org. Chew. 68, 6447-6450 (2003). Formulations of
sunitinib and its L-malate salt are described in PCT Publi-
cation No. WO 2004/024127. Sunitinib malate has been
approved in the U.S. for the treatment of gastrointestinal
stromal tumor, advanced renal cell carcinoma, and progres-
sive, well-differentiated pancreatic neuroendocrine tumors
in patients with unresectable locally advanced or metastatic
disease. The recommended dose of sunitinib malate for
gastrointestinal stromal tumor (GIST) and advanced renal
cell carcinoma (RCC) for humans is 50 mg taken orally once
daily, on a schedule of 4 weeks on treatment followed by 2
weeks off (Schedule 4/2). The recommended dose of suni-
tinib malate for pancreatic neuroendocrine tumors (pNET) is
37.5 mg taken orally once daily.

In the vaccine-based immunotherapy regimen, sunitinib
malate may be administered orally in a single dose or
multiple doses. Typically, sunitinib malate is delivered for
two, three, four or more consecutive weekly doses followed
by a “off” period of about 1 or 2 weeks, or more where no
sunitinib malate is delivered. In one embodiment, the doses
are delivered for about 4 weeks, with 2 weeks off. In another
embodiment, the sunitinib malate is delivered for two
weeks, with 1 week off. However, it may also be delivered
without a “off” period for the entire treatment period. The
effective amount of sunitinib malate administered orally to
a human in the vaccine-based immunotherapy regimen is
typically below 40 mg per person per dose. For example, it
may be administered orally at 37.5, 31.25, 25, 18.75, 12.5,
6.25 mg per person per day. In some embodiments, sunitinib
malate is administered orally in the range of 1-25 mg per
person per dose. In some other embodiments, sunitinib
malate is administered orally in the range of 6.25, 12.5, or
18.75 mg per person per dose. Other dosage regimens and
variations are foreseeable, and will be determined through
physician guidance.

Sorafenib tosylate, which is marketed under the trade
name NEXAVAR, is also a multi-kinase inhibitor. Its chemi-
cal name is 4-(4-{3-[4-Chloro-3-(trifluoromethyl)phenyl]
ureido }phenoxy)-N-methylpyrid-ine-2-carboxamide. It is
approved in the U.S. for the treatment of primary kidney
cancer (advanced renal cell carcinoma) and advanced pri-
mary liver cancer (hepatocellular carcinoma). The recom-
mended daily dose is 400 mg taken orally twice daily. In the
vaccine-based immunotherapy regimen provided by the
present disclosure, the effective amount of sorafenib tosylate
administered orally is typically below 400 mg per person per
day. In some embodiments, the effective amount of
sorafenib tosylate administered orally is in the range of
10-300 mg per person per day. In some other embodiments,
the effective amount of sorafenib tosylate administered
orally is between 10-200 mg per person per day, such as 10,
20, 60, 80, 100, 120, 140, 160, 180, or 200 mg per person
per day.

Axitinib, which is marketed under the trade name
INLYTA, is a selective inhibitor of VEGF receptors 1, 2, and
3. Its chemical name is (N-Methyl-2-[3-((E)-2-pyridin-2-yl-
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vinyl)-1H-indazol-6-ylsulfany]-benzamide. It is approved
for the treatment of advanced renal cell carcinoma after
failure of one prior systemic therapy. The starting dose is 5
mg orally twice daily. Dose adjustments can be made based
on individual safety and tolerability. In the vaccine-based
immunotherapy regimen provided by the present disclosure,
the effective amount of axitinib administered orally is typi-
cally below 5 mg twice daily. In some other embodiments,
the effective amount of axitinib administered orally is
between 1-5 mg twice daily. In some other embodiments, the
effective amount of axitinib administered orally is between
1, 2, 3, 4, or 5 mg twice daily.

In the vaccine-based immunotherapy regimens any [EC
enhancers may be used. They may be small molecules or
large molecules (such as protein, polypeptide, DNA, RNA,
and antibody). Examples of IEC enhancers that may be used
include TNFR agonists, CTLA-4 antagonists, TLR agonists,
programmed cell death protein 1 (PD-1) antagonists (such as
BMS-936558), anti-PD-1 antibody CT-011), and pro-
grammed cell death protein 1 ligand 1 (PD-L1) antagonists
(such as BMS-936559), lymphocyte-activation gene 3
(LAG3) antagonists, and T cell Immunoglobulin- and
mucin-domain-containing molecule-3 (TIM-3) antagonists.
Examples of specific TNFR agonists, CTLA-4 antagonists,
and TLR agonists are provided in details herein below.

TNFR Agonists.

Examples of TNFR agonists include agonists of OX40,
4-1BB (such as BMS-663513), GITR (such as TRX518),
and CD40. Examples of specific CD40 agonists are
described in details herein below.

CDA40 agonists are substances that bind to a CD40 recep-
tor on a cell and is capable of increasing one or more CD40
or CD40L associated activities. Thus, CD40 “agonists”
encompass CD40 “ligands”.

Examples of CD40 agonists include CD40 agonistic anti-
bodies, fragments CD40 agonistic antibodies, CD40 ligands
(CDA40L), and fragments and derivatives of CD40L such as
oligomeric (e.g., bivalent, trimeric CD40L), fusion proteins
containing and variants thereof.

CDA40 ligands for use in the present invention include any
peptide, polypeptide or protein, or a nucleic acid encoding a
peptide, polypeptide or protein that can bind to and activate
one or more CD40 receptors on a cell. Suitable CD40
ligands are described, for example, in U.S. Pat. Nos. 6,482,
411, 6,410,711; U.S. Pat. No. 6,391,637; and U.S. Pat. No.
5,981,724, all of which patents and application and the
CDA40L sequences disclosed therein are incorporated by
reference in their entirety herein. Although human CD40
ligands will be preferred for use in human therapy, CD40
ligands from any species may be used in the invention. For
use in other animal species, such as in veterinary embodi-
ments, a species of CD40 ligand matched to the animal
being treated will be preferred. In certain embodiments, the
CD40 ligand is a gp39 peptide or protein oligomer, including
naturally forming gp39 peptide, polypeptide or protein oli-
gomers, as well as gp39 peptides, polypeptides, proteins
(and encoding nucleic acids) that comprise an oligomeriza-
tion sequence. While oligomers such as dimers, trimers and
tetramers are preferred in certain aspects of the invention, in
other aspects of the invention larger oligomeric structures
are contemplated for use, so long as the oligomeric structure
retains the ability to bind to and activate one or more CD40
receptor(s).

In certain other embodiments, the CD40 agonist is an
anti-CD40 antibody, or antigen-binding fragment thereof.
The antibody can be a human, humanized or part-human
chimeric anti-CD40 antibody. Examples of specific anti-
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CD40 monoclonal antibodies include the G28-5, mAb89,
EA-5 or S2C6 monoclonal antibody, and CP870893. In a
particular embodiment, the anti-CD40 agonist antibody is
CP870893 or dacetuzumab (SGN-40).

CP-870,893 is a fully human agonistic CD40 monoclonal
antibody (mAb) that has been investigated clinically as an
anti-tumor therapy. The structure and preparation of CP870,
893 is disclosed in W02003041070 (where the antibody is
identified by the internal identified “21.4.1”). The amino
acid sequences of the heavy chain and light chain of CP-870,
893 are set forth in SEQ ID NO: 40 and SEQ ID NO: 41,
respectively. In clinical trials, CP870,893 was administered
by intravenous infusion at doses generally in the ranges of
0.05-0.25 mg/kg per infusion. In a phase I clinical study, the
maximum tolerated dose (MTD) of CP-870893 was esti-
mated to be 0.2 mg/kg and the dose-limiting toxicities
included grade 3 CRS and grade 3 urticaria. [Jens Ruter et
al.: Immune modulation with weekly dosing of an agonist
CDA40 antibody in a phase I study of patients with advanced
solid tumors. Cancer Biology & Therapy 10:10, 983-993;
Nov. 15, 2010.]. In the vaccine-based immunotherapy regi-
men provided by the present disclosure, CP-870,893 can be
administered intradermally, subcutaneously, or topically. It
is preferred that it is administered intradermally. The effec-
tive amount of CP870893 to be administered in the regimen
is generally below 0.2 mg/kg, typically in the range of 0.01
mg-0.15 mg/kg, or 0.05-0.1 mg/kg.

Dacetuzumab (also known as SGN-40 or huS2C6; CAS
number 88-486-59-9) is another anti-CD40 agonist antibody
that has been investigated in clinical trials for indolent
lymphomas, diffuse large B cell lymphomas and Multiple
Myeloma. In the clinical trials, dacetuzumab was adminis-
tered intravenously at weekly doses ranging from 2 mg/kg to
16 mg/kg. In the vaccine-based immunotherapy regimen
provided by the present disclosure, dacetuzumab can be
administered intradermally, subcutaneously, or topically. It
is preferred that it is administered intradermally. The effec-
tive amount of dacetuzumab to be administered in the
vaccine-based immunotherapy regimen is generally below
16 mg/kg, typically in the range of 0.2 mg-14 mg/kg, or
0.5-8 mg/kg, or 1-5 mg/kg.

CTLA-4 Inhibitors.

Suitable anti-CTLA-4 antagonist agents for use in the
vaccine-based immunotherapy regimen provided by the
disclosure include, without limitation, anti-CTLA-4 anti-
bodies (such as human anti-CTLA-4 antibodies, mouse
anti-CTLA-4 antibodies, mammalian anti-CTLA-4 antibod-
ies, humanized anti-CTLA-4 antibodies, monoclonal anti-
CTLA-4 antibodies, polyclonal anti-CTLA-4 antibodies,
chimeric anti-CTLA-4 antibodies, anti-CTLA-4 domain
antibodies), fragments of anti-CTLA-4 antibodies (such as
(single chain anti-CTLA-4 fragments, heavy chain anti-
CTLA-4 fragments, and light chain anti-CTLA-4 frag-
ments), and inhibitors of CTLA-4 that agonize the co-
stimulatory pathway. In some embodiments, the CTLA-4
inhibitor is Ipilimumab or Tremelimumab.

Ipilimumab (also known as MEX-010 or MDX-101),
marketed as YERVOY, is a human anti-human CTLA-4
antibody. Ipilimumab can also be referred to by its CAS
Registry No. 477202-00-9, and is disclosed as antibody
10D1 in PCT Publication No. WO 01/14424, incorporated
herein by reference in its entirety and for all purposes.
Examples of pharmaceutical composition comprising Ipili-
mumab are provided in PCT Publication No. WO 2007/
67959. Ipilimumab is approved in the U.S. for the treatment
of unresectable or metastatic melanoma. The recommended
dose of Ipilimumab as monotherapy is 3 mg/kg by intrave-
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nous administration every 3 weeks for a total of 4 doses. In
the methods provided by the present invention, Ipilimumab
is administered locally, particularly intradermally or subcu-
taneously. The effective amount of Ipilimumab administered
locally is typically in the range of 5-200 mg/dose per person.
In some embodiments, the effective amount of Ipilimumab
is in the range of 10-150 mg/dose per person per dose. In
some particular embodiments, the effective amount of Ipi-
limumab is about 10, 25, 50, 75, 100, 125, 150, 175, or 200
mg/dose per person.

Tremelimumab (also known as CP-675,206) is a fully
human IgG2 monoclonal antibody and has the CAS number
745013-59-6. Tremelimumab is disclosed as antibody 11.2.1
in U.S. Pat. No. 6,682,736, incorporated herein by reference
in its entirety and for all purposes. The amino acid sequences
of the heavy chain and light chain of Tremelimumab are set
forth in SEQ IND NOs:42 and 43, respectively. Tremelim-
umab has been investigated in clinical trials for the treatment
of various tumors, including melanoma and breast cancer; in
which Tremelimumab was administered intravenously either
as single dose or multiple doses every 4 or 12 weeks at the
dose range of 0.01 and 15 mg/kg. In the regimens provided
by the present invention, Tremelimumab is administered
locally, particularly intradermally or subcutaneously. The
effective amount of Tremelimumab administered intrader-
mally or subcutaneously is typically in the range of 5-200
mg/dose per person. In some embodiments, the effective
amount of Tremelimumab is in the range of 10-150 mg/dose
per person per dose. In some particular embodiments, the
effective amount of Tremelimumab is about 10, 25, 50, 75,
100, 125, 150, 175, or 200 mg/dose per person.

Toll-Like Receptor (TLR) Agonists.

The term “toll-like receptor agonist” or “TLR agonist”
refers to a compound that acts as an agonist of a toll-like
receptor (TLR). This includes agonists of TLR1, TLR2,
TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLRY, TLR10,
and TLR11 or a combination thereof. Unless otherwise
indicated, reference to a TLR agonist compound can include
the compound in any pharmaceutically acceptable form,
including any isomer (e.g., diastereomer or enantiomer),
salt, solvate, polymorph, and the like. In particular, if a
compound is optically active, reference to the compound can
include each of the compound’s enantiomers as well as
racemic mixtures of the enantiomers. Also, a compound may
be identified as an agonist of one or more particular TLRs
(e.g., a TLR7 agonist, a TL.R8 agonist, or a TLR7/8 agonist).

The TLR agonism for a particular compound may be
assessed in any suitable manner known in the art. Regardless
of the particular assay employed, a compound can be
identified as an agonist of a particular TLR if performing the
assay with a compound results in at least a threshold increase
of some biological activity mediated by the particular TLR.
Conversely, a compound may be identified as not acting as
an agonist of a specified TLR if, when used to perform an
assay designed to detect biological activity mediated by the
specified TLR, the compound fails to elicit a threshold
increase in the biological activity. Unless otherwise indi-
cated, an increase in biological activity refers to an increase
in the same biological activity over that observed in an
appropriate control. An assay may or may not be performed
in conjunction with the appropriate control. With experi-
ence, one skilled in the art may develop sufficient familiarity
with a particular assay (e.g., the range of values observed in
an appropriate control under specific assay conditions) that
performing a control may not always be necessary to deter-
mine the TLR agonism of a compound in a particular assay.



US 9,468,672 B2

37

Certain TLR agonists useful in the method of the present
invention are small organic molecules, as opposed to large
biological molecules such as proteins, peptides, and the like.
Examples of small molecule TLR agonists include those
disclosed in, for example, U.S. Pat. Nos. 4,689,338; 4,929,
624; 4,988,815; 5,037,986; 5,175,296; 5,238,944; 5,266,
575; 5,268,376; 5,346,905; 5,352,784; 5,367,076; 5,389,
640; 5,395,937; 5,446,153; 5,482,936, 5,693,811; 5,741,
908; 5,756,747; 5,939,090; 6,039,969; 6,083,505; 6,110,
929; 6,194,425; 6,245,776, 6,331,539; 6,376,669; 6,451,
810; 6,525,064; 6,545,016; 6,545,017, 6,558,951, and
6,573,273. Examples of specific small molecule TLR ago-
nists useful in the methods provided by the present invention
include 4-amino-alpha, alpha,2-trimethyl-IH-imidazo[4,5-c]
qumolin-I-ethanol, N-(2-{2-[4-amino-2-(2-methoxyethyl)-
IH-imidazo[4,5-c]quinolin-I-yl]ethoxy- }ethyl)-N-methyl-
morpholine-4-carboxamide, I~(2~amino-2-methylpropyl)-
2-(ethoxymethyl-)-IH-imidazo[4,5-c]quinolin-4-arnine,
N-[4-(4-amino-2-ethyl-IH-imidazo[4,5-c|quinolin-I-yl)bu-
tyl]methanesulfonamide, N-[4-(4-amino-2-propyl-IH-imi-
dazo[4,5-c]quinolin-I-yl)butyl|methanesulfonamide,  and
imiquimod. Some TLR agonists particularly useful in the
methods or regimen provided by the present disclosure are
discussed in review article: Folkert Steinhagen, et al.: TLR-
based immune adjuvants. Vaccine 29 (2011): 3341-3355.

In some embodiments, the TLR agonists are TLR9 ago-
nists, particularly CpG oligonucleotides (or CpG.ODN). A
CpG oligonucleotide is a short nucleic acid molecule con-
taining a cytosine followed by a guanine linked by a
phosphate bond in which the pyrimidine ring of the cytosine
is unmethylated. A CpG motif is a pattern of bases that
include an unmethylated central CpG surrounded by at least
one base flanking (on the 3' and the 5' side of) the central
CpG. CpG oligonucleotides include both D and K oligo-
nucleotides. The entire CpG oligonucleotide can be unm-
ethylated or portions may be unmethylated. Examples of
CpG oligonucleotides useful in the methods provided by the
present disclosure include those disclosed in U.S. Pat. Nos.
6,194,388, 6,207,646, 6,214,806, 628,371, 6,239,116, and
6,339,068.

The CpG oligonucleotides can encompass various chemi-
cal modifications and substitutions, in comparison to natural
RNA and DNA, involving a phosphodiester internucleoside
bridge, a beta-D-ribose (deoxyhbose) unit and/or a natural
nucleoside base (adenine, guanine, cytosine, thymine, ura-
cil). Examples of chemical modifications are known to the
skilled person and are described, for example in Uhlmann E.
etal. (1990), Chem. Rev. 90:543; “Protocols for Oligonucle-
otides and Analogs”, Synthesis and Properties and Synthesis
and Analytical Techniques, S. Agrawal, Ed., Humana Press,
Totowa, USA 1993; Crooke, S T. et al. (1996) Annu. Rev.
Pharmacol. Toxicol. 36:107-129; and Hunziker J. et al.,
(1995), Mod. Synth. Methods 7:331-417. Specifically, a
CpG oligonucleotide can contain a modified cytosine. A
modified cytosine is a naturally occurring or non-naturally
occurring pyrimidine base analog of cytosine which can
replace this base without impairing the immunostimulatory
activity of the oligonucleotide. Modified cytosines include
but are not limited to 5-substituted cytosines (e.g. S-methyl-
cytosine, S-fluorocytosine, S-chloro-cytosine, 5-bromo-cy-
tosine, 5-iodo-cytosine, 5-hydroxy-cytosine, 5-hydroxym-
ethyl-cytosine, 5-difluoromethyl-cytosine, and unsubstituted
or substituted S-alkynyl-cytosine), 6-substituted cytosines,
N4-substituted cytosines (e.g. N4-ethyl-cytosine), 5-aza-
cytosine, 2-mercapto-cytosine, isocytosine, pseudo-isocyto-
sine, cytosine analogs with condensed ring systems (e.g.
N,N'-propylene cytosine or phenoxazine), and uracil and its
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derivatives (e.g. 5-fluoro-uracil, S-bromo-uracil, S-bromovi-
nyl-uracil, 4-thio-uracil, 5-hydroxy-uracil, 5-propynyl-ura-
cil). Some of the preferred cytosines include 5-methyl-
cytosine, 5-fluoro-cytosine, 5-hydroxy-cytosine,
5-hydroxymethyl-cytosine, and N4-ethyl-cytosine.

A CpG oligonucleotide can also contain a modified gua-
nine. A modified guanine is a naturally occurring or non-
naturally occurring purine base analog of guanine which can
replace this base without impairing the immunostimulatory
activity of the oligonucleotide. Modified guanines include
but are not limited to 7-deeazaguanine, 7-deaza-7-substi-
tuted guanine, hypoxanthine, N2-substituted guanines (e.g.
N2-methyl-guanine), S-amino-3-methyl-3H,6H-thiazolo[4,
5-d]pyhmidine-2,7-dione,  2,6-diaminopuhne,  2-amin-
opuhne, purine, indole, adenine, substituted adenines (e.g.
N6-methyl-adenine, 8-oxo-adenine), 8-substituted guanine
(e.g. 8-hydroxyguanine and 8-bromoguanine), and 6-thio-
guanine. In some embodiments of the disclosure, the gua-
nine base is substituted by a universal base (e.g. 4-methyl-
indole, S-nitro-indole, and K-base), an aromatic ring system
(e.g. benzimidazole or dichloro-benzimidazole, 1-methyl-
1H-[1,2,4]triazole-3-carboxylic acid amide) or a hydrogen
atom.

In certain aspects, the CpG oligonucleotides include
modified backbones. It has been demonstrated that modifi-
cation of the nucleic acid backbone provides enhanced
activity of nucleic acids when administered in vivo. Sec-
ondary structures, such as stem loops, can stabilize nucleic
acids against degradation. Alternatively, nucleic acid stabi-
lization can be accomplished via phosphate backbone modi-
fications. A preferred stabilized nucleic acid has at least a
partial phosphorothioate modified backbone. Phosphoroth-
ioates may be synthesized using automated techniques
employing either phosphoramidate or H-phosphonate chem-
istries. Aryl- and alkyl-phosphonates can be made, e.g. as
described in U.S. Pat. No. 4,469,863; and alkylphosphotri-
esters (in which the charged oxygen moiety is alkylated as
described in U.S. Pat. No. 5,023,243 and European Patent
No. 092,574) can be prepared by automated solid phase
synthesis using commercially available reagents. Methods
for making other DNA backbone modifications and substi-
tutions have been described (Uhlmann, E. and Peyman, A.
(1990) Chem. Rev. 90:544; Goodchild, J. (1990) Bioconju-
gate Chem. 1:165). 2'-O-methyl nucleic acids with CpG
motifs also cause immune activation, as do ethoxy-modified
CpG nucleic acids. In fact, no backbone modifications have
been found that completely abolish the CpG effect, although
it is greatly reduced by replacing the C with a S-methyl C.
Constructs having phosphorothioate linkages provide maxi-
mal activity and protect the nucleic acid from degradation by
intracellular exo- and endo-nucleases. Other modified oli-
gonucleotides include phosphodiester modified oligonucle-
otides, combinations of phosphodiester and phosphorothio-
ate oligonucleotides, methylphosphonate,
methylphosphorothioate, phosphorordithioate, p-ethoxy,
and combinations thereof. Each of these combinations and
their particular effects on immune cells is discussed in more
detail with respect to CpG nucleic acids in PCT Publication
Nos. WO 96/02555 and WO 98/18810 and in U.S. Pat. Nos.
6,194,388 and 6,239,116.

The CpG oligonucleotides may have one or two acces-
sible 5' ends. It is possible to create modified oligonucle-
otides having two such 5' ends, for instance, by attaching
two oligonucleotides through a 3'-3' linkage to generate an
oligonucleotide having one or two accessible 5' ends. The
3'-3'-linkage may be a phosphodiester, phosphorothioate or
any other modified internucleoside bridge. Methods for
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accomplishing such linkages are known in the art. For
instance, such linkages have been described in Seliger, H. et
al., Oligonucleotide analogs with terminal 3'-3'- and 5'-5'-
internucleotidic linkages as antisense inhibitors of viral gene
expression, Nucleosides and Nucleotides (1991), 10(1-3),
469-77 and Jiang, et al., Pseudo-cyclic oligonucleotides: in
vitro and in vivo properties, Bioorganic and Medicinal
Chemistry (1999), 7(12), 2727-2735.

Additionally, 3'-3'-linked oligonucleotides where the link-
age between the 3'-terminal nucleosides is not a phosphodi-
ester, phosphorothioate or other modified bridge, can be
prepared using an additional spacer, such as tri- or tetra-
ethyleneglycol phosphate moiety (Durand, M. et al., Triple-
helix formation by an oligonucleotide containing one (dA)
12 and two (dT)12 sequences bridged by two hexaethylene
glycol chains, Biochemistry (1992), 31 (38), 9197-204, U.S.
Pat. Nos. 5,658,738 and 5,668,265). Alternatively, the non-
nucleotidic linker may be derived from ethanediol, propane-
diol, or from an abasic deoxyhbose (dSpacer) unit (Fontanel,
Marie Laurence et al., Nucleic Acids Research (1994),
22(11), 2022-7) vsing standard phosphoramidite chemistry.
The non-nucleotidic linkers can be incorporated once or
multiple times, or combined with each other allowing for
any desirable distance between the 3'-ends of the two
oligonucleotides to be linked.

A phosphodiester internucleoside bridge located at the 3'
and/or the 5' end of a nucleoside can be replaced by a
modified internucleoside bridge, wherein the modified inter-
nucleoside bridge is for example selected from phosphoro-
thioate, phosphorodithioate, NRiR,-phosphoramidate, bora-
nophosphate, a-hydroxybenzyl phosphonate, phosphate-
(C,-C,,)—0-alkyl ester, phosphate-[(Cs-C,,)aryl-(C,-
C,,)—O-alkyllester, (C1-Cy)alkylphosphonate  and/or
(Cs—C1,)arylphosphonate bridges, (C,-C,,)-a-hydroxym-
ethyl-aryl (e.g. disclosed in PCT Publication No. WO
95/01363), wherein (C4-C, 5)aryl, (C4-Cyp)aryl and (C4-C, )
aryl are optionally substituted by halogen, alkyl, alkoxy,
nitro, cyano, and where Ri and R, are, independently of each
other, hydrogen, (C,-Clg)-alkyl, (C4-C,)-aryl, (Cs-C,,)-
aryl, (C,-Cy)-alkyl, preferably hydrogen, (C,-Cg)-alkyl,
preferably (C,-C,)-alkyl and/or methoxyethyl, or R, and R,
form, together with the nitrogen atom carrying them, a 5 to
6-membered heterocyclic ring which can additionally con-
tain a further heteroatom selected from the group O, S and
N.

The replacement of a phosphodiester bridge located at the
3" and/or the 5' end of a nucleoside by a dephospho bridge
(dephospho bridges are described, for example, in Uhlmann
E. and Peyman A. in “Methods in Molecular Biology”, Vol.
20, “Protocols for Oligonucleotides and Analogs™, S.
Agrawal, Ed., Humana Press, Totowa 1993, Chapter 16, pp.
355 if), wherein a dephospho bridge is for example selected
from the dephospho bridges formacetal, 3'-thioformacetal,
methylhydroxylamine, oxime, methylenedimethyl-hydrazo,
dimethylenesulfone and/or silyl groups.

The CpG oligonucleotides for use in the methods or
regimen provided by the disclosure may optionally have
chimeric backbones. A chimeric backbone is one that com-
prises more than one type of linkage. In one embodiment,
the chimeric backbone can be represented by the formula: 5'
Y1 N1ZN2Y2 3'. Y1 and Y2 are nucleic acid molecules
having between 1 and 10 nucleotides. Y1 and Y2 each
include at least one modified internucleotide linkage. Since
at least 2 nucleotides of the chimeric oligonucleotides
include backbone modifications these nucleic acids are an
example of one type of “stabilized immunostimulatory
nucleic acids”.
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With respect to the chimeric oligonucleotides, Y1 and Y2
are considered independent of one another. This means that
each of Y1 and Y2 may or may not have different sequences
and different backbone linkages from one another in the
same molecule. In some embodiments, Y1 and/or Y2 have
between 3 and 8 nucleotides. N1 and N2 are nucleic acid
molecules having between 0 and 5 nucleotides as long as
N1ZN2 has at least 6 nucleotides in total. The nucleotides of
N1ZN2 have a phosphodiester backbone and do not include
nucleic acids having a modified backbone. Z is an immu-
nostimulatory nucleic acid motif, preferably selected from
those recited herein.

The center nucleotides (N1ZN2) of the formula Y1
N1ZN2Y2 have phosphodiester internucleotide linkages and
Y1 and Y2 have at least one, but may have more than one
or even may have all modified internucleotide linkages. In
preferred embodiments, Y1 and/or Y2 have at least two or
between two and five modified internucleotide linkages or
Y1 has five modified internucleotide linkages and Y2 has
two modified internucleotide linkages. The modified inter-
nucleotide linkage, in some embodiments, is a phosphoro-
thioate modified linkage, a phosphorodithioate linkage or a
p-ethoxy modified linkage.

Examples of particular CpG oligonucleotides useful in the
methods provided by the present disclosure include:

5' TCGTCGTTTTGTCGTTTTGTCGTT3' ; (CpG 7909)
5' TCGTCGTTTTTCGGTGCTTTT3' ; (CpG 24555)
and

5' TCGTCGTTTTTCGGTCGTTTT3' . (CpG 10103)

CpG7909, a synthetic 24mer single stranded, has been
extensively investigated for the treatment of cancer as a
monotherapy and in combination with chemotherapeutic
agents, as well as adjuvant as an adjuvant for vaccines
against cancer and infectious diseases. It was reported that
a single intravenous dose of CpG 7909 was well tolerated
with no clinical effects and no significant toxicity up to 1.05
mg/kg, while a single dose subcutancous CpG 7909 had a
maximum tolerated dose (MTD) of 0.45 mg/kg with dose
limiting toxicity of myalgia and constitutional effects. [See
Zent, Clive S, et al: Phase I clinical trial of CpG oligonucle-
otide 7909 (PF-03512676) in patients with previously
treated chronic lymphocytic leukemia. Leukemia and Lym-
phoma, 53(2):211-217(7)(2012). In the regimens provided
by the present disclosure, CpG7909 may be administered by
injection into the muscle or any other suitable methods. It is
preferred that it is administered locally in proximity to the
vaccine draining lymph node, particularly by intradermal or
subcutaneous administration. For use with a nucleic acid
vaccine, such as a DNA vaccine, a CpG may be preferably
co-formulated with the vaccine in a single formulation and
administered by intramuscular injection coupled with elec-
troporation. The effective amount of CpG7909 by intramus-
cular, intradermal, or subcutaneous administration is typi-
cally in the range of 10 pg/dose-10 mg/dose. In some
embodiments, the effective amount of CpG7909 is in the
range of 0.05 mg-14 mg/dose. In some particular embodi-
ments, the effective amount of CpG7909 is about 0.05, 0.1,
0.2,0.3,0.4,0.5, 05 1 mg/dose. Other CpG oligonucleotides,
including CpG 24555 and CpG 10103, may be administered
in similar manner and dose levels.

In some particular embodiments, the present disclosure
provides a method of enhancing the immunogenicity or
therapeutic effect of a vaccine for the treatment of a neo-
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plastic disorder in a human, comprising administering the
human (1) an effective amount of at least one ISC inhibitor
and (2) an effective amount of at least one IEC enhancer,
wherein the at least one ISC inhibitor is protein kinase
inhibitor selected from sorafenib tosylate, sunitinib malate,
axitinib, erlotinib, gefitinib, axitinib, bosutinib, temsirolis-
mus, or nilotinib and wherein the at least one IEC enhancer
is selected from a CTLA-4 inhibitor, a TLR agonist, or a
CD40 agonist. In some preferred embodiments, regimen
comprises administering to the human (1) an effective
amount of at least one ISC inhibitor and (2) effective amount
of at least one IEC enhancer, wherein the at least one ISC
inhibitor is a protein kinase inhibitor selected from axitinib,
sorafenib tosylate, or sunitinib malate and wherein the
wherein the at least one IEC enhancer is a CTLA-4 inhibitor
selected from Ipilimumab or Tremelimumab. In some fur-
ther preferred embodiments, the regimen comprises admin-
istering to the human (1) an effective amount of at least one
ISC inhibitor and (2) an effective amount of at least two IEC
enhancers, wherein the at least one ISC inhibitor is a protein
kinase inhibitor selected from sunitinib or axitinib and
wherein the at least two IEC enhancers are Tremelimumab
and a TLR agonist selected from CpG7909, CpG2455, or
CpG 10103.

In some other embodiments, the present disclosure pro-
vides a method of treating prostate cancer in a human,
comprising administering to the human (1) an effective
amount of a vaccine capable of eliciting an immune
response against a human PAA, (2) an effective amount of
at least one ISC inhibitor, and (3) an effective amount of at
least one IEC enhancer, wherein the at least one ISC
inhibitor is a protein kinase inhibitor selected from sorafenib
tosylate, sunitinib malate, axitinib, erlotinib, gefitinib, axi-
tinib, bosutinib, temsirolismus, or nilotinib, and wherein the
at least one IEC enhancer is selected from a CTLA-4
inhibitor, a TLR agonist, or a CD40 agonist. In some
preferred embodiments, the method comprises administer-
ing to the human (1) an effective amount of a vaccine
capable of eliciting an immune response against a human
PAA, (2) an effective amount of at least one ISC inhibitor,
and (3) an effective amount of at least one IEC enhancer,
wherein the at least one ISC inhibitor is a protein kinase
inhibitor selected from sorafenib tosylate, sunitinib malate,
or axitinib and wherein the at least one IEC enhancer is a
CTLA-4 inhibitor selected from Ipilimumab or Tremelim-
umab.

In some further specific embodiments, the method com-
prises administering to the human (1) an effective amount of
at least one ISC inhibitor and (2) an effective amount of at
least two IEC enhancers, wherein the at least one ISC
inhibitor is a protein kinase inhibitor selected from sunitinib
or axitinib and wherein the at least two IEC enhancers are
Tremelimumab and a TLR agonist selected from CpG7909,
CpG2455, or CpG10103.

Additional Therapeutic Agents.

The vaccine-based immunotherapy regimen provided by
the present disclosure may further comprise an additional
therapeutic agent. A wide variety of cancer therapeutic
agents may be used, including chemotherapeutic agents and
hormone therapeutic agents. One of ordinary skill in the art
will recognize the presence and development of other cancer
therapies which can be used in VBIR provided by the
present disclosure, and will not be restricted to those forms
of therapy set forth herein.

The term “chemotherapeutic agent” refers to a chemical
or biological substance that can cause death of cancer cells,
or interfere with growth, division, repair, and/or function of
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cancer cells. Examples of chemotherapeutic agents include
those that are disclosed in W0O2006/088639, WO2006/
129163, and US 20060153808, the disclosures of which are
incorporated herein by reference. Examples of particular
chemotherapeutic agents include: (1) alkylating agents, such
as chlorambucil (LEUKERAN), cyclophosphamide (CY-
TOXAN), ifosfamide (IFEX), mechlorethamine hydrochlo-
ride (MUSTARGEN), thiotepa (THIOPLEX), streptozoto-
cin (ZANOSAR), carmustine (BICNU, GLIADEL
WAFER), lomustine (CEENU), and dacarbazine (DTIC-
DOME); (2) alkaloids or plant vinca alkaloids, including
cytotoxic antibiotics, such as doxorubicin (ADRIAMY-
CIN), epirubicin (ELLENCE, PHARMORUBICIN), dauno-
rubicin (CERUBIDINE, DAUNOXOME), nemorubicin,
idarubicin (IDAMYCIN PFS, ZAVEDOS), mitoxantrone
(DHAD, NOVANTRONE). dactinomycin (actinomycin D,
COSMEGEN), plicamycin (MITHRACIN), mitomycin
(MUTAMYCIN), and bleomycin (BLENOXANE), vinore-
Ibine tartrate (NAVELBINE)), vinblastine (VELBAN), vin-
cristine (ONCOVIN), and vindesine (ELDISINE); (3) anti-
metabolites, such as capecitabine (XELODA), cytarabine
(CYTOSAR-U), fludarabine (FLUDARA), gemcitabine
(GEMZAR), hydroxyurea (HYDRA), methotrexate
(FOLEX, MEXATE, TREXALL), nelarabine (ARRA-
NON), trimetrexate (NEUTREXIN), and pemetrexed (AL-
IMTA); (4) Pyrimidine antagonists, such as 5-fluorouracil
(5-FU); capecitabine (XELODA), raltitrexed (TOMUDEX),
tegafur-uracil (UFTORAL), and gemcitabine (GEMZAR);
(5) taxanes, such as docetaxel (TAXOTERE), paclitaxel
(TAXOL); (6) platinum drugs, such as cisplatin (PLATI-
NOL) and carboplatin (PARAPLATIN), and oxaliplatin
(ELOXATIN); (7) topoisomerase inhibitors, such as irino-
tecan (CAMPTOSAR), topotecan (HY CAMTIN), etoposide
(ETOPOPHOS, VEPESSID, TOPOSAR), and teniposide
(VUMON); (8) epipodophyllotoxins (podophyllotoxin
derivatives), such as etoposide (ETOPOPHOS, VEPESSID,
TOPOSAR); (9) folic acid derivatives, such as leucovorin
(WELLCOVORIN); (10) nitrosoureas, such as carmustine
(BiCNU), lomustine (CeeNU); (11) inhibitors of receptor
tyrosine kinase, including epidermal growth factor receptor
(EGFR), vascular endothelial growth factor (VEGF), insulin
receptor, insulin-like growth factor receptor (IGFR), hepato-
cyte growth factor receptor (HGFR), and platelet-derived
growth factor receptor (PDGFR), such as gefitinib
(IRESSA), erlotinib (TARCEVA), bortezomib (VEL-
CADE), imatinib mesylate (GLEEVEC), genefitinib, lapa-
tinib, sorafenib, thalidomide, sunitinib (SUTENT), axitinib,
rituximab (RITUXAN, MABTHERA), trastuzumab (HER-
CEPTIN), cetuximab (ERBITUX), bevacizumab (AVAS-
TIN), and ranibizumab (LUCENTIS), lym-1 (ONCOLYM),
antibodies to insulin-like growth factor-1 receptor (IGF-1R)
that are disclosed in W02002/053596); (12) angiogenesis
inhibitors, such as bevacizumab (AVASTIN), suramin
(GERMANIN), angiostatin, SU5416, thalidomide, and
matrix metalloproteinase inhibitors (such as batimastat and
marimastat), and those that are disclosed in
W02002055106; and (13) proteasome inhibitors, such as
bortezomib (VELCADE).

The term “hormone therapeutic agent” refers to a chemi-
cal or biological substance that inhibits or eliminates the
production of a hormone, or inhibits or counteracts the effect
of a hormone on the growth and/or survival of cancer cells.
Examples of such agents suitable for the VBIR include those
disclosed in US20070117809. Examples of particular hor-
mone therapeutic agents include tamoxifen (NOLVADEX),
toremifene (Fareston), fulvestrant (FASLODEX), anastro-
zole (ARIMIDEX), exemestane (AROMASIN), letrozole
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(FEMARA), megestrol acetate (MEGACE), goserelin (ZO-
LADEX), leuprolide (LUPRON), abiraterone, and
MDV3100.

The VBIR provided by this disclosure may also be used
in combination with other therapies, including (1) surgical
methods that remove all or part of the organs or glands
which participate in the production of the hormone, such as
the ovaries, the testicles, the adrenal gland, and the pituitary
gland, and (2) radiation treatment, in which the organs or
glands of the patient are subjected to radiation in an amount
sufficient to inhibit or eliminate the production of the tar-
geted hormone.

1. EXAMPLES

The following examples are provided to illustrate certain
embodiments of the invention. They should not be construed
to limit the scope of the invention in any way. From the
above discussion and these examples, one skilled in the art
can ascertain the essential characteristics of the invention,
and without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to
adapt it to various usage and conditions.

Example 1

Antigens in Cytosolic, Secreted, and
Membrane-Bound Formats Derived from the
Human PSMA Protein

Example 1 illustrates the construction of three immuno-
genic PSMA polypeptides referred to an “human PSMA
cytosolic antigen,” “human PSMA secreted antigen,” and
“human PSMA membrane-bound antigen,” respectively, and
biological properties of these polypeptides.

1A. Design of Immunogenic PSMA Polypeptides

DNA constructs encoding immunogenic PSMA polypep-
tides in cytosolic, secreted, and modified formats were
constructed based on the native human PSMA protein
sequence and tested for their ability to induce anti-tumor
effector immune responses. The structure and preparation of
each of the human PSMA antigen formats are provided as
follows.

1A1. Human PSMA Cytosolic Antigen.

An immunogenic PSMA polypeptide in cytosolic form
was designed to retain the immunogenic polypeptide inside
the cell once it is expressed. The cytoplasmic domain (amino
acids 1-19) and the transmembrane domain (amino acids
20-43) of the human PSMA were removed, resulting in a
cytosolic PSMA polypeptide that consists of amino acids
44-750 (extracellular domain or ECD) of the human PSMA
of SEQ ID NO: 1. The optimal Kozak sequence “MAS” may
be added to the N-terminus of the polypeptide for enhancing
the expression.

1A2. Human PSMA Secreted Antigen.

An immunogenic PSMA polypeptide in secreted form
was designed to secret the polypeptide outside of the cell
once it is expressed. The secreted polypeptide is made with
amino acids 44-750 (ECD) of the human PSMA of SEQ ID
NO:1 and the Ig Kappa secretory element that has the amino
acid sequence ETDTLLLWVLLLWVPGSTGD and a two-
amino acid linker (AA) in the N-terminal in order to
maximize the secretion of the PSMA antigen once it is
expressed.

1A3. Human PSMA Membrane-Bound Antigen.

An immunogenic PSMA membrane-bound polypeptide
was designed to stabilize the polypeptide on the cell surface.
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The first 14 amino acids of the human PSMA protein were
removed and the resultant immunogenic polypeptide con-
sists of amino adds 15-750 of the human PSMA protein of
SEQ ID NO:1. The immunogenic polypeptide that consists
of'amino adds 15-750 of the native human PSMA protein of
SES ID NO: 1 and share 100% sequence identity with the
native human PSMA protein is also referred to as “human
PSMA modified,” “hPSMA modified,” or “hPSMAmod”
antigen in the present disclosure.

1B. Preparation of DNA Plasmids for Expressing the
PSMA Antigens

DNA constructs encoding the PSMA cytosolic, PSMA
secreted, and PSMA modified antigens were cloned indi-
vidually into PJV7563 vector that was suitable for in vivo
testing in animals (FIG. 1). Both strands of the DNA in the
PIV7563 vectors were sequenced to confirm the design
integrity.

A large scale plasmid DNA preparation (Qiagen/CsCl)
was produced from a sequence confirmed clone. The quality
of the plasmid DNA was confirmed by high 260/280 ratio,
high super coiled/nicked DNA ratio, low endotoxin levels
(<10 U/mg DNA) and negative bio burden.

1C. Expression of PSMA Constructs in Mammalian Cells

The expression of the PSMA cytosolic, secreted, and
modified antigens was determined by FACS. Mammalian
293 cells were transfected with the PTV7563 PMED vectors
encoding the various immunogenic PSMA polypeptides.
Three days later, the 293 cells were stained with mouse
anti-PSMA antibody, followed with a fluorescent conjugated
(FITC) rat anti-mouse secondary antibody. The data below,
which were reported as mean fluorescent intensity (MFI)
over negative controls, confirmed that human PSMA modi-
fied antigen is expressed on the cell surface.

Average mean
Samples fluorescent intensity
Untransfected 293 cells 231
293 cells transfected with full length 6425
human
PSMA (SEQ ID NO: 1)
293 cells transfected with human PSMA 12270
modified antigen (SEQ ID NO: 9)
1D. Formulations of PSMA Plasmids onto Gold Particles
(for ND10/X15)
Particle Mediated Epidermal Delivery technology

(PMED) is a needle-free method of administering vaccines
to animals or to patients. The PMED system involves the
precipitation of DNA onto microscopic gold particles that
are then propelled by helium gas into the epidermis. The
ND10, a single use device, uses pressurized helium from an
internal cylinder to deliver gold particles and the x15, a
repeater delivery device, uses an external helium tank which
is connected to the x15 via high pressure hose to deliver the
gold particles. Both of these devices were used in studies to
deliver the PSMA DNA plasmids. The gold particle was
usually 1-3 um in diameter and the particles were formulated
to contain 2 ug of PSMA plasmids per 1 mg of gold particles.
(Sharpe, M. et al.: P. Protection of mice from H5N1 influ-
enza challenge by prophylactic DNA vaccination using
particle mediated epidermal delivery. Vaccine, 2007, 25(34):
6392-98: Roberts L. K, et al.: Clinical safety and efficacy of
a powdered Hepatitis B nucleic acid vaccine delivered to the
epidermis by a commercial prototype device. Vaccine, 2005;
23(40):4867-78).
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1E. Transgenic Mice Used for In Vivo Studies

Two human HLLA transgenic mouse models were used to
evaluate the presentation of various PSMA antigens by
different HLLAs and a human PSMA transgenic mouse model
was used to assess the breaking of immune tolerance to
human PSMA. The first HLLA transgenic mouse model
utilizes the HLA A2/DR1 mice (from the Pasteur Institute,
Paris, France; also referred to as “Pasteur mice”). Pasteur
mice are knock out for murine f3-2-microglobulin and do not
express functional H-2b molecules; therefore this model is
believed to represent the presentation of antigen in the
human HLLA A2 and DR1 context (Pajot, A., M.-L.. Michel,
N. Faxilleau, V. Pancre, C. Auriault, D. M. Ojcius, F. A.
Lemonnier, and Y.-C. Lone. A mouse model of human
adaptive immune functions: HLA-A2.1-/HLA-DR1-trans-
genic H-2 class I-/class 1I-knockout mice. Eur. J. Immunol.
2004, 34:3060-69). The second HLLA transgenic mouse
model uses mice that are knock in with human HLA A24 that
is covalently linked tothe human f-2-microglobulin at the
H2bk locus. These mice lack murine -2-microglobulin and
do not express functional H-2b molecules. This model
allows evaluation of antigen presentation in the context of
human HLA A24.

1F. Immunogenicity of the Human PSMA Proteins in
Cytosolic, Secreted and Modified Formats

Study Design.

Eight-to-10 week-old transgenic mice were immunized
using PMED method with various PSMA DNA constructs in
a prime/boost/boost regimen, two weeks apart between each
vaccination. Alternatively, mice were primed with adenovi-
rus vectors encoding the PSMA antigen at 1x10° viral
particles in 50 pl (PBS) by intramuscular injection. The
adenovirus vector (pShuttle-CMV vector from Stratagene)
was modified to contain Nhel and Bglll restriction sites
within the multiple cloning site. The DNA encoding human
PSMA modified was then restriction digested with Nhel and
Bglll, ligated into this vector and sequence confirmed. The
pShuttle human PSMA modified vector was then recom-
bined with the pAdEasy-1 vector and virus was propagated
according to the AdEasy system (Stratagene). Twenty-days
later, they were boosted with PMED as described above. In
each of the regimens used, antigen specific T cell response
was measured 7 days after the last immunization in an
interferon-gamma (IFNy) ELISPOT assay. The ELISPOT
assay is similar to the sandwich enzyme-linked immunosor-
bent assay (ELISA). Briefly, a capture antibody specific to
IFNy BD Bioscience, #51-2525kce) is coated onto a polyvi-
nylidene fluoride (PVDF) membrane in a microplate over-
night at 4° C. The plate is blocked with serum/protein to
prevent nonspecific binding to the antibody. After blocking,
effector cells (such as splenocytes isolated from PSMA
immunized mice) and targets (such as PSMA peptides from
peptide library, target cells pulsed with peptides or tumor
cells expressing the relevant antigens) or mitogen (which
will stimulate splenocytes non-specifically to produce IFNy
are added to the wells and incubated overnight at 37° C. in
a 5% CO, incubator. Cytokine secreted by effector cells are
captured by the coating antibody on the surface of the PVDF
membrane. After removing the cells and culture media, 100
ul of a biotinylated polyclonal anti-mouse IFNy antibody
(0.5 mg/ml-BD Bioscience, #51-1818kz) was added to each
of'the wells for detection. The spots are visualized by adding
streptavidin-horseradish peroxidase (HRP, BD Bioscience,
#557630) and the precipitate substrate, 3-amino-9-ethylcar-
bazole (AEC), to yield a red color spot. Each spot represents
a single cytokine producing T cell. In general, in the studies
disclosed here the ELISpot assay was set up as follows:
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5x10° splenocytes from PSMA immunized mice were cul-
tured (1) in the presence of PSMA specific peptides derived
from a PSMA peptide library (see Table 16) made of
15-amino acid peptides overlapping by 11 amino acids, (2)
with known HLA A2.1 restricted PSMA specific peptides, or
(3) with tumor cells. To measure the recognition of endog-
enous antigen presentation, splenocytes were cultured with
a human HLA A2 prostate cancer cells (i.e. LNCaP, avail-
able from ATCC) that naturally express PSMA or cultured
with HLA A2 tumor cells transduced with adenovirus encod-
ing and thus expressing the human PSMA modified antigen.
In addition, human PSMA ECD protein was added to the
ELISpot assay to measure specifically CD4 IFNy producing
cells. For controls where appropriate, HLA A2 restricted
HER-2 specific peptide p168-175 or tumor cells not express-
ing PSMA or irrelevant protein such as BSA were used as a
negative control in the IFNy ELISpot assay. Data results are
given in normalized format for the number of spot forming
cells (SFC) that secrete IFNy in 1x10° splenocytes. At least
three studies were performed for each of the PSMA antigen
peptides tested.

Results.

Data from the ELISpot assay with splenocytes of Pasteur
mice cultured with peptides derived from a PSMA peptide
library are presented in Table 1. A positive response is
defined as having SFC >100. As shown in Table 1, the
immunogenic PMSA polypeptides made with all three anti-
gen formats, the human PSMA cytosolic, secreted, and
modified antigens described in Example 1A above, are
capable of inducing T cell responses. The human PSMA
modified antigen format induced the best breadth and mag-
nitude of T cell responses.

TABLE 1

T cell response induced by the human PSMA cytosolic,
secreted, and modified antigens in Pasteur mice

aa sequence
coverage of target

peptide pools from
PSMA peptide IFN-y SFC/1 x 10° splenocytes (SD)
library PSMA cytosolic PSMA modified PSMA secreted
13-35 1(14) 809(78) 44(6)
97-117 1(1) 96(17) 0
109-131 8(9) 923(21) 179(24)
121-243 21(4) 1329(109) 320(28)
145-167 23(4) 1499(1) 312(14)
169-191 497(4) 248(14) 183(13)
181-203 43(21) 70(20) 19(10)
205-227 5(1) 112(0) 9(13)
217-239 44(13) 1627(38) 351(10)
265-287 23(4) 527(100) 10(6)
277-299 39(1) 1143(86) 151(4)
289-311 27(1) 429(4) 28(11)
409-431 14(9) 281(18) 12(9)
421-443 4(0) 676(45) 48(14)
433-455 339(18) 713(64) 119(21)
481-503 22 288(9) 1(1)
577-599 227(27) 131(16) 33(16)
589-611 187(13) 27(10) 6(9)
613-635 418(6) 437(1) 35(1)
637-659 222(31) 49(10) 95(16)
649-671 203(21) 1625(33) 420(11)
661-683 102(14) 1633(140) 366(48)
697-719 179(4) 1357(58) 342(6)
709-731 40(11) 1162(59) 223(4)
721-743 56(6) 1409(103) 344(23)
733-750 50(11) 1512(51) 365(27)

() = standard deviation
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Data from the ELISpot assay on T cell responses induced
by various PSMA vaccine formats in Pasteur mice (which
that recognized HLLA A2.1 restricted PSMA peptide pulsed
target cells as well as PSMA+HL A A2.1 LNCaP tumor cells)
are presented in Table 2. PC3, which is a human prostate
cancer cell line that does not express PSMA, was used here
as a negative control. A positive response is defined as
having SFC >50. As shown in Table 2, the various PSMA
constructs tested are capable of inducing T cells that recog-
nize known HLA A2 restricted PSMA epitopes as well as
PSMA protein and human prostate cancer cells LNCaP.
However, the PSMA modified construct was shown to
induce the best breadth and magnitude T cell response.

TABLE 2

T cell responses induced by the human PSMA cytosolic,
secreted, and modified antigens in Pasteur mice that
recognized HLA A2.1 restricted PSMA peptide pulsed
target cells as well as PSMA+ HLA A2.1 LNCaP tumor cells.

HLA A2.1 restricted
peptides

PSMA
cytosolic

PSMA
modified

PSMA
secreted

Target peptide or

protein IFN-y SFC/1 x 10° splenocytes
PSMA p663 1554(4) 1524.9(45) 444(23)
PSMA p275 14(10) 304(21) 3(1)
PSMA p662 41(15) 925.1(77) 455(25)
PSMA p627 1(1) 222(14) 9(8)
PSA p64 0 2(4) 1(1)

Protein or tumor cells IFN-y SFC/1 x 10° splenocytes

731(16)
96(12)
11

13(5)
5(3)
1(1)

PSMA ECD protein 45(11)
LNCap 4(2)
PC3 0

() = standard deviation

1G. Humoral Immune Response Measured in Pasteur
Mice or Nonhuman Primates

1G1. Sandwich ELISA Assay.

The standard sandwich ELISA assay was done using an
automated Biotek system. The plates were coated with 25 pl
of native PSMA protein at a 1.0 pg/ml in PBS overnight, the
plates were washed and blocked with 35 ul/well of 5% FBS
1xPBS-T 0.05% and incubated for 1 hour at RT on a shaker
at 600 RPM. The blocking media was decanted and serial
dilute vaccinated mouse serum with half log dilutions in 5%
FBS 1xPBS-T 0.05% starting at 1:100 or 1:500 were made
and 25n samples of the diluted serum were added to each
well of the 96 well plates and incubated for 1 hour at RT on
a shaker at 600 RPM. The plates were washed 3 times with
75 ul/well in 1xPBS-T 0.05% using the Biotek ELx405, and
25 pl/well of 1:30,000 diluted anti-mouse IgG HRP (AbCam
cat# ab20043) secondary antibody (diluted in 1x PBS-T
0.05%) was added to each well of the 96 well plates and
incubated for 1 hour at RT on a shaker at 600 RPM. Plates
were washed 5x with 75 ul/well in 1xPBS-T 0.05% using
the Biotek Elx405. TMB Substrate was diluted at 1:10 and
25 ul was added to each well and incubated at RT for 30
minutes. The reaction was stopped by adding 12.5 ul/well of
1M H2504. Plates were read using the Spectramax Plus at
450 nm wavelength. Data were reported as titers and these
could be reported as first positive (average and both values
above 5% FBS PBS+3 time Standard Deviation) and/or as
calculated titers at OD of 0.5 or 1.0. Serum from irrelevant
vaccinated mice were used as negative controls.
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TABLE 3

Induction of anti-PSMA antibody response by human
PSMA antigens as measured by an ELISA assay.

ELISA (OD = 1)

Antigen format Average (+/-SD) N # of positive

PSMA cytosolic 499 (0) 4 0/4

PSMA modified 1067 (518) 4 4/4

PSMA secreted 959 (920) 4 1/4
Results.

Data presented in Table 3 shows that the human PSMA
cytosolic antigen did not induce any anti-PSMA responses,
while the human PSMA modified antigen consistently
induced good anti-PSMA antibody responses in all mice.

Data presented in Table 5 shows that antibodies induced
by the human PSMA antigens reacted to multiple peptide
epitopes in the PSMA library. Serum from the individual
mice in each group was pooled in equal amounts and tested
at a 1:500 dilution in an ELISA assay. A negative control
group of mice vaccinated with anti-diphtheria (CRM) toxoid
was tested in parallel. Each well of the 96 well ELISA plate
was coated with 0.03 pg of a singlelSaa peptide derived
from the PSMA peptide library. An OD value above 0.10 is
considered positive.

1G2. FACS Cell Binding Assay.

Various prostate cancer cell lines were used for this assay.
LNCaP (ATCC) was used as human prostate cancer cells
expressing PSMA and PC3 (ATCC) was used as negative
human prostate cancer cells that do not expressing PSMA.
In some assays, a TRAMP-C2 cell line engineered to stably
express the human native full length PSMA and the parental
TRAMP-C2 cell line that does not express PSMA (negative
control) were used for the cell binding assay. The cell
binding assay was performed as follows: LNCaP and PC3
cells (or TRAMP-C2PSMA and TRAMP C2) were plated in
separate wells at 2x10° cells/well (50 uL) in a 96 well plate.
Sera from PSMA vaccinated mice, as described in 1f, were
diluted 1:50 with FACS buffer (PBS pH 7.4, 1% FBS, 25
mM HEPES, and 1 mM EDTA). Fifty ul. of diluted J591-A
antibody (mouse anti-human PSMA antibody, clone J591-A
from ATCC) were added to the diluted test sera or FACS
buffer (unstained samples) to achieve the appropriate cell
numbers per well in the staining plate. All was mixed by
pipetting and then kept on ice for 20 min. The cells were
washed twice with FACS buffer; each wash was by cen-
trifugation at 1200RPM at 5° C. for 5 minutes. Fifty uL of
secondary staining solution were added containing a 1:200
dilution of PE-labeled goat anti-mouse Ig (Sigma, cat
P9670-5) and 0.25 pl of Live/Dead Aqua stain (Invitrogen,
cat. # 1.34957) to each of the cell containing wells and kept
on ice for 20 min. Cells were washed twice as described
earlier. Washed cell pellets were resuspended in 125 ul
FACS buffer and then 75 ulL 4% paraformaldehyde solution
were added to each well to fix the cells. Samples were kept
on ice and protected from light for at least 15 min. Samples
were run on FACS Canto II. Ten thousand live cell events
were recorded for each sample. Control samples for each
cell type were 1) unstained cells, 2) cells with secondary
antibody only, 3) Cells with J591 plus secondary antibody,
and 4) cells with naive serum plus secondary antibody. Data
were reported as mean fluorescent intensity (MFI) over
negative controls.

Results of FACS Cell Binding Assay.

Table 4 shows that antibodies induced by both human
PSMA secreted and modified antigens are capable of bind-
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ing to human PSMA positive prostate cancer cells (LNCaP)
and not to PSMA negative prostate cancer cells (PC3). The
PSMA modified antigen consistently induced good anti-
PSMA antibody response in all mice.

TABLE 4

Binding of anti-PSMA antibodies to human prostate
cancer cells as measured by FACS.

Fold over background

Antigen Format Average (+/-SD) N # of positive

PSMA cytosolic 1.40 (0.12) 4 0/4

PSMA modified 6.01 (0.38) 4 4/4

PSMA secreted 5.50 (4.10) 4 3/4

background (PC3) 1.36 (0.04) 4 NA
TABLE 5

Antibodies induced by PSMA vaccine reacted to multiple peptides in
the PSMA library. Based on this result, four B cell epitopes of PSMA
were identified, 1: aa 138-147, 2: aa 119-123, 3: aa 103-106,

4: aa 649-659.

ELISA O.D. results

PSMA vaccinated CRM-197

Target peptide or protein serum vaccinated serum
Peptides 93 0.21 0.05
from PSMA 101 0.27 0.05
library (no. 133 0.58 0.05
of first aa) 137 0.89 0.05
141 0.12 0.05
645 0.17 0.05
PSMA protein 3.87 0.05

1 G3. Antibody-Dependent Cell-Mediated Cytotoxicity
(ADCC) Assay

Study Design.

An Indian rhesus macaque was immunized with a nucleic
acid encoding a human PSMA modified antigen delivered by
adenovirus (1ell V.P. injected intramuscularly) followed by
2 PMED immunizations (8 actuations/immunization, 4
actuations per each right and left side of the lower abdomen)
with 8 and 6 week intervals respectively. The animal also
received intradermal injections of 3 mg of CpG (PF-
03512676) in proximity to each inguinal draining lymph
node at the time of the second PMED immunization. The
antibody dependent cell-mediated cytotoxicity was deter-
mined from the plasma collected from the blood before any
immunizations (pre-immune plasma) and 8 days after the
last PMED immunization (immune plasma).

Antibody-Dependent Cell-Mediated Cytotoxicity Assay.

Antibody-dependent cell-mediated cytotoxicity was
determined using the standard chromium 51 release assay.
Human prostate cancer cell lines LNCaP and PC3 were used
as target cells. Freshly isolated human PBMC cells were
used as effector cells. Effectors to target cells were set at
30:1. Briefly, for one labeling reaction, 1.5x10° target cells
in 200 ul were incubated with 200 pCi >'Cr (37° C., 5% CO,
for 1 hour). Cells were washed three times and the cell
concentration was adjusted to 2x10° cells/ml. Control mono-
clonal antibodies (mAb) or test plasma (1:50) were made at
2x concentration and 175 ul of each of the (depending on the
size of the assay) mAb/plasma dilution were added to 175 ul
of target cells. The mixture was incubated for 30 minutes at
4° C. in an Eppendorf tube. Cells were washed once to free
unbound antibodies. At this time, 100 ul of freshly isolated
effector cells were added to each well of the 96 well plate
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along with 100 ul of monoclonal antibodies or test plasma
bound target cells and incubated at 37° C. and 5% CO, for
4 hrs. Samples were tested in duplicates. 100 ul 2N HCl
were added to the target wells for maximum release and 100
ul of media were added to the target wells for spontaneous
release. Specific lysis was calculated as follows: Percent
release=(ER-SR)/(MR-SR)x100 where ER (effectors+tar-
get cells release) was experimental release, SR (target cells
alone incubated with media) was spontaneous release, and
MR (target cells alone incubated with 2N HCI) was maxi-
mum release. Percent specific lysis was calculated by sub-
tracting irrelevant target (PC3) release from antigen specific
target (LNCaP) release.

TABLE 6

Antibody dependent cytotoxicity activity measured in plasma from human
PSMA modified vaccinated animal

Percent specific lysis at E:T of 30:1
based on type of antibodies and targets used in an ADCC assa

Pre-immune Post-immune

Targets Herceptin  Rituxan plasma (naive) plasma None

LNCaP 56.14 8.99 0 49.9 0
PC3 8.04 0 0 0 0
Results.

The data from the antibody dependent cytotoxicity assay
are presented in Table 6. LNCaP, a human prostate PSMA+
cancer cell line coated with immune plasma derived from
the hPSMA immunized animal, was lysed by effector cells
while PC3, a human prostate PSMA-cancer cell line coated
with the same immune serum, was not lysed by effector
cells. Similarly, LNCaP coated with pre-immune plasma
was not lysed by effector cells. Herceptin, a monoclonal
antibody against HER-2 was used as a positive control since
LNCaP cells are known to express HER-2 (Li, Cozzi et al.
2004). Rituxan, a monoclonal against B cell antigen (CD20)
was used as a negative control antibody since LNCaP cells
do not express CD20. Both monoclonal antibodies are
reported to have ADCC activities (Dall'Ozzo, Tartas et al.
2004; Collins, O’Donovan et al. 2011).

Example 2
Construction of PSMA Shuffled Antigens

This example illustrates the construction and certain bio-
logical properties of various immunogenic PSMA polypep-
tides that are variants of the human PSMA modified antigen
(SEQ ID NO:9) as described in Example 1.

2A. Design of PSMA Shuffled Antigens

Various immunogenic PSMA polypeptides that are vari-
ants of the human PSMA modified antigen (SEQ ID NO:9)
as described in Example 1 were designed. These variants
were created by introducing mutations selected from
orthologs of the human PSMA into the human PSMA
modified antigen sequence. These variants are referred to,
interchangeably, as “PSMA shuffled antigens™ or “shuffled
PSMA modified antigens” in the disclosure. The principle
and procedure used in creating these variants are provided
below.

A computational algorithm was written to select point
mutations for the shuffled variant. First, a multiple sequence
alignment of PSMA and 12 orthologs (Appendix 2a) was
assembled using NCBI’s PSI-BLAST. The output from
PSI-BLAST included propensities for each residue at each
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PSMA position among the orthologs. The perl script then
used these propensities to select point mutations as follows:

1) Among all positions, the most commonly observed
residue is selected that does not match the identity in the
native human PSMA.

2) Verify that this mutation position does not overlap with
identified Class I or II human PSMA epitopes to ensure that
the point mutation is not within a conserved T cell epitope
as defined herein above (Table 19).

3) Calculate similarity of mutation to the human residue
via the BLOSUMG62 matrix to verify that the BLOSUMG62
similarity score for the residue substitution is within the
range of 0-1 (inclusive).

This iterative procedure is followed until a certain percent
sequence identity (below 100) is reached with respect to the
human PSMA.

To serve as the input to this algorithm, the PSMA
orthologs were assembled to construct a position-specific
probability matrix using PSI-BLAST from NCBI. Addition-
ally, the identified epitope regions of PSMA were listed in a
file which was also provided to the shuffle algorithm. The
non-shuffling regions were also extended to the cytosolic
and transmembrane regions of the protein to avoid mem-
brane-bound functionality problems. The orthologous
PSMA protein sequences, BLOSUMG62 matrix, and PSI-
BLAST program were downloaded from the NCBI site.

The shuffling script was then run using these input data
and produced a variant of human PSMA with 94% sequence
identity with the original human PSMA. Additionally, three
mutations to improve HLA-A2 binding were introduced
based on their performance in the Epitoptimizer algorithm
(Houghton, Engelhorn et al. 2007). These mutations are
M664L (epitope: 663-671), 1676V (epitope: 668-676), and
N76L (epitope: 75-83). The resultant antigen is referred to as
“shuffled PSMA modified antigen 1,” “shuffled PSMA modi-
fied 1,” or “PSMA shuffled antigen 1”.

Results based on epitopes with consensus rank <1% and
1IC50 by neural Network (single best method)<500 showed
that predicted epitopes from HLAA2.1, HLA A3, HLA All,
HLA A24, and HLA B7 were highly conserved in this
shuffled antigen. Two additional variants of the human
PSMA modified antigen described in Example 1 were
designed ‘with higher sequence identities and a more restric-
tive BLOSUM score cutoff of 1 to remove all non-conser-
vative substitutions. These two variants are also referred to
as “shuffled PSMA modified antigen 2” and “shuffled PSMA
modified antigen 3,” respectively. Percent identities of
shuffled PSMA modified antigens 1-3 with respect to the
human PSMA modified construct (e.g., amino acids 15-750
of the human PSMA) are approximately 93.6%, 94.9%, and
96.4%, respectively.

The shuffled PSMA modified antigen 1 has the amino acid

sequence of SEQ ID NO:3 and has the following mutations
relative to the human PSMA modified antigen:
N478, T53S, K55Q, M58V, L65M, N76L, S98A, Q99E,
K122E, N132D, V1541, 1157V, F161Y, D191E, M192L,
V201L, V2251, 1258V, G282E, 1283L, R320K, L3621,
S380A, F408K, 14171, H475Y, K482Q, M509V, S513N,
E542K, MS583L, N589D, R598Q, S613N, 16141, S615A,
Q620E, M622L, S647N, E648Q, S656N, 16591, V660L,
L661V, M664L, 1676V

The shuffled PSMA modified antigen 2 has the amino acid
sequence of SEQ ID NO:5 and has the following mutations
relative to the human PSMA modified antigen:

Mutations:
N478, K55Q, M58V, Q91E, S98A, A111S, K122E, N132D,
V1541, 1157V, F161Y, V201L, V2251, 1258V, S312A,
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R320K, K324Q, R363K, S380A, B408K, H475Y, K482Q,
Y494F, E495D, K499E, M509L, N540D, E542K, N544S,
M5831, 1591V, R598Q, R605K, S613N, S647N, B648Q,
S656N, V660L

The shuffled PSMA modified antigen 3 has the amino acid
sequence of SEQ ID NO:7 and has the following mutations
relative to the human PSMA modified antigen:

Mutations:

T339A, V3421, M344L, T349N, N350T, E351K, S401 T,
E408K, M470L, Y471H, H475Y, F506L, M509L, A531S,
N540D, E542K, N544S, G548S, V5551, ES63V, VG03A,
RG605K, KG606N, Y607H, D609E, K610N, 16111

2B. Immune Responses Measured Post Vaccination in
Pasteur Mice

Study Design.

Eight- to 10-week old Pasteur mice were immunized
using PMED method with the various plasmid DNAs
expressing shuffled PSMA modified antigens in a prime/
boost/boost regimen, two weeks apart between each vacci-
nation as described in Example 1F. Antigen specific T and B
cell responses were measured 7 days after the last immuni-
zation in an interferon-gamma (IFNy) ELISPOT assay and
sandwich ELISA respectively.

TABLE 7

T cell responses induced by various shuffled PSMA modified
antigens to peptide pools in PSMA peptide library

Amino acid IFN-y SFC/1 x 10° splenocytes (SD)
sequence coverage  Human Shuffled Shuffled  Shuffled
of target peptide PSMA PSMA PSMA PSMA
pools from PSMA  modified modified modified  modified
peptide library antigen antigenl antigen 2 antigen 3
13-35 608 (31) 135 (4) 539 (33) 339 (16)
109-131 132 (14) 97 (21) 49 (13) 360 (40)
121-243 275 (7) 146 (17) 104 (17) 542 (119)
145-167 218 (6) 158 (8) 98 (8) 505 (16)
157-179 212 (14) 293 (24) 800 (0)* 800 (0)*
169-191 50 1D 52 (14) 814 (23) 804 (65)
181-203 415 (33) 8 (0) 243 (18) 103 (1)
205-227 125 (7) 1 (D 17 () 74
217-239 883 (47) 302 (0) 467 (52) 538 (14)
229-251 565 (24) 188 (23) 150 (17) 460 (122)
265-287 418 (8) 2 (0 154 (25) 168 (23)
277-299 908 (79) 132 (3) 574 (25) 670 (74)
289-311 417 (27) 20 (8) 260 (3) 374 (51)
409-431 377 (7) 61 (10) 38 (3) 48 (11)
421-443 720 (34) 110 (9) 720 (17) 38 (17)
433-455 974 (51) 211 (16) 800 (0)* 771 (52)
481-503 400 (59) 0 (0 116 (6) 100 (34)
589-611 60 (14) 245 (30) 679 (35) 364 (11)
601-623 70 9) 79 (13) 344 (20) 27 (1)
613-635 629 (41) 102 (11) 772 (93) 634 (9)
637-659 226 (17) 292 (0) 539 (16) 420 (198)
649-671 530 (74) 319 (16) 614 (20) 644 (65)
661-683 507 (52) 248 (9) 330 (3) 661 (16)
Results.

ELISpot data presented in Table 7 demonstrates that
overall the shuffled PSMA modified antigens are capable of
inducing T cell responses in breadth and magnitude very
similar to the human PSMA modified antigen. SFC >100 is
considered positive. The “*” symbol represents too numer-
ous to accurately count.
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TABLE 8

T cell responses induced by shuffled PSMA modified antigens to
HLA A2 targets and PSMA protein.

IFN-y SFC/1 x 10° splenocytes(SD)

Human Shuffled Shuffled Shuffled

PSMA PSMA PSMA PSMA

IFNy ELISPOT modified  modified modified modified
targetstargets antigen  antigen 1 antigen 2 antigen 3

PSMA p168 261 (21) 337 (16) 800+ (0) 800+ (0)
PSMA p275 340 (66) 2@ 181 (17) 134 (17)
PSMA p663 441 (46) 152 (10) 219 (6) 600 (48)

HER-2 pl06 1 1 () 1 (D 1)

PSMA ECD protein 839 (70) 165 (31) 569 (44) 319 (6)

BSA protein 1M 1 (1) 1) 2 (0)

LNCaP 229 (45) 40 (3) 137 (23) 45 (6)

MeWo 31 1 () 2 (2 1)
MeWo-Ad-hPSMA 365 (33) 31 (10) 341 (46) 415 (128)

As shown in Table 8, all the shuffled PSMA antigens are
capable of inducing T cells that recognized known HLLA A2
restricted PSMA epitopes as well as human HLA A2 tumor
cells transduced with adenovirus bearing the PSMA trans-
gene to express PSMA. The tumor cells that did not express
PSMA served as negative controls and were not recognized.
SFC>50 is considered positive.

TABLE 9

T cell responses induced by shuffled PSMA modified antigens to
specific to CD4 T cells.

aa sequence IFN-y SEC/1 x 10% CD8 depleted splenocytes(SD)

coverage of Human Shuffled Shuffled Shuffled
target peptide PSMA PSMA PSMA PSMA
pools from PSMA modified modified modified modified
peptide library antigen antigen 1 antigen 2 antigen 3
17-31 396 (51) 49 (33) 294 (3) 209 (13)
281-295 528 (6) 51 (1) 392 (9) 461 (24)
285-299 512 (34) 55 (18) 529 (38) 471 (38)
429-443 552 (51) 51 (1) 524 (17) 0
581-595 11 (1) 0 199 (24) 0

ELISpot data shown in Table 9 were obtained with
splenocytes that were depleted of CD8; therefore the data
represents T cell responses to specific to CD4 T cells. The
data show that the CD4 response elicited by shuffled PSMA
modified antigen 2 is very similar to that induced by the
human PSMA modified antigen. SFC>50 is considered

positive.
TABLE 10
Induction of anti-PSMA antibody response as measured by an
ELISA assay
Antigen ELISA (OD = 0.5) # of positive
Human PSMA modified antigen 1159 (802) 77
Shuffled PSMA modified antigen 1 899 (1016) 4/7
Shuffled PSMA modified antigen 2 4898 (3636) 6/6
Shuffled PSMA modified antigen 3 1482 (3092) 1/5

Data in Table 10 demonstrates that all the shuffled PSMA
modified antigens are capable of inducing anti-human
PSMA antibody responses. Shuffled PSMA modified antigen
2 and the human PSMA modified antigen induced consistent
antibody responses in all mice.
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TABLE 11

T cell responses in HLA A24 mice induced by the human PSMA
modified antigen and shuffled PSMA modified antigen 2.

Amino acid sequence IFN-y SFC/1 x 10° splenocytes (SD)

coverage of target Human Shuffled
peptide pools from PSMA modified PSMA modified
PSMA peptide library antigen antigen 2
217-231 280 (10) 271 (7)
233-247 219 (2) 0
237-251 197 (1) 228 (1)
249-263 203 (1) 28 (1)
273-287 57 (2) 323 (3)
277-291 194 (24) 337 (18)
293-307 147 (6) 379 (11)
309-323 17 (1) 441 (14)
401-415 256 (1) 292 (3)
429-443 255 (7) 0
433-447 39 (1) 179 (6)
481-495 167 (11) 475 (21)
557-571 194 (14) 297 (1)
601-615 500 (35) 166 (10)
605-619 500 (28) 143 (7)
613-627 218 (4) 0
697-711 0 141 (8)
729-743 0 140 (1)
733-747 0 271 (3)
737-750 0 401 (8)

ELISpot data in Table 11 demonstrates that overall the T
cell response induced by shuffled PSMA modified antigen 2
in HLA A24 mice is very similar in breadth and magnitude
to the human PSMA modified antigen. SFC >100 is con-
sidered positive.

2C. Breaking of Immune Tolerance to Human PSMA by
Shuffled PSMA Modified Antigens

Study Design.

The human PSMA transgenic mouse model uses mice that
were made using the minimal rat probasin promoter driving
the expression of PSMA specifically in the prostate gland
(Zhang, Thomas et al. 2000) Endocrinology 141(12): 4698-
4710. These mice were made in the C57BL/6 background.
RT-PCR and immune histochemistry staining data con-
firmed the expression of PSMA in the ventral and dorsolat-
eral roots of the prostate gland in these PSMA transgenic
mice. The endogenous expression of human PSMA protein
in these mice is expected to generate immune tolerance.

Results.

As shown in Table 12, only 20% of the PSMA transgenic
mice were able to mount a T cell response to human PSMA
using the human PSMA modified antigen. However, 67% of
the PSMA transgenic mice were able to mount a PSMA
specific T cell response using the shuffled PSMA modified
antigen 2. The data suggests that the inclusion of non-self
amino acid sequences in the shuffled PSMA modified anti-
gen 2 improved the breaking tolerance to the self human
PSMA antigen. SFC>50 is considered positive.
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TABLE 12

56

T cell responses in human PSMA transgenic mice to
known PSMA epitope (PADYFAPGVKSYPDG; Durso
R J, Clin Cancer Res. 2007 Jul. 1; 13(13): 3999-400).

# of
Antigen IFN-y SFC/1 x 10° splenocytes (SD) positive
Human 7 126 1 3 10 22 30 12 7 404 2/10
PSMA G @ o 00 66 6 O O &
modified
antigen
Shuffled 474 104 7 111 12 21 139 246 226 NA 6/9
PSMA (62 18 3 @ @ @ @ © ay
modified
antigen 2
Example 3 TABLE 13-continued
Design of Various Immunogenic PSA POlypeptideS Induction of T cell responses in Pasteur mice and HLA A24 mice
20

Example 3 illustrates the construction and certain biologi-
cal properties of immunogenic PSA polypeptides in cytoso-
lic, secreted, and membrane-bound forms.

3A. Construction of Various PSA Antigen Forms

Similar to what was described in Example 1 for the three
different immunogenic PSMA polypeptide forms (e.g., the
cytosolic, membrane-bound, and secreted forms), immuno-
genic PSA polypeptides in the three forms were also
designed based on the human PSA sequence. An immuno-
genic PSA polypeptide in cytosolic form, which consists of
amino acids 25-261 of the native human PSA, is constructed
by deleting the secretory signal and the pro domain (amino
acids 1-24). The amino acid sequence of this cytosolic
immunogenic PSA polypeptide is provided in SEQ ID NO:
17. The secreted form of the PSA polypeptide is the native
full length human PSA (amino acids 1-261). An immuno-
genic PSA polypeptide in membrane-bound form is con-
structed by linking the immunogenic PSA polypeptide cyto-
solic form (amino acids 25-261 of the native human PSA) to
the human PSMA transmembrane domain (amino acids
15-54 of the human PSMA).

3B. Immune Responses in Pasteur and HLA A24 Mice

Study Design.

Eight to 10 week old HLA A2 Pasteur mice or HLA A24
mice were immunized with DNA expressing the various
PSA antigens using PMED provided in Example 3A in a
prime/boost/boost regimen with two week intervals between
each vaccination as described in Example 1. The antigen
specific T and B cell responses were measured 7 days after
the last immunization in an interferon-gamma (IFNy)
ELISPOT assay and sandwich ELISA.

TABLE 13

Induction of T cell responses in Pasteur mice and HLA A24 mice
vaccinated with PSA polypeptides

Amino acid sequence

coverage of target IFN-y SFC/1 x 10° splenocytes (SD)

peptide pools from PSA PSA PSA

PSA peptide library cytosolic  membrane-bound secreted
T cell response detected in HLA A2 Pasteur mice
25-47 12 (0) 134 (6) 27 (1)
49-71 150 (0) 23 (1) 151 (10)
61-83 904 (17) 27 (7) 452 (14)
73-95 128 (25) 8 (6) 78 (14)
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vaccinated with PSA polypeptides

Amino acid sequence

coverage of target IFN-y SFC/1 x 106 splenocytes (SD)

peptide pools from PSA PSA PSA
PSA peptide library cytosolic  membrane-bound secreted
85-107 17 () 205 (18) 11 (1)
97-117 26 (3) 378 (25) 13 (1)
217-239 16 (8) 234 (8) 6 (6)
229-251 96 (34) 844 (6) 35 (12)
T cell response detected in HLA A24 mice
145-167 357 (2) Not Not
determined determined
Results.

Table 13 shows ELISpot data derived from splenocytes
isolated from HLA A2 Pasteur mice or HLA A24 mice
cultured with peptides derived from the PSA peptide library.
T cell responses can be detected in both HLA A2 and HLA
A24 mice. SFC>100 is considered positive.

TABLE 14

The induction of T cell responses by PSA antigens in Pasteur mice to
PSA+ HLA A2.1+ SKmel5 human cancer cells

IEN-y SFC/1 x 10° splenocytes (SD)

HLA A2.1+ human PSA membrane-

cancer cells or protein  PSA cytosolic bound PSA secreted
SKmel5-Ad-eGFP 7.7 (9.6) 1.2 (14) 2.9 (27)

SKmel5-Ad-PSA 112.0 (169.3) 346.1 (379.6) 18.7 (18.5)
PSA protein 108.8 (161.0) 536.9 (380.9) 20.6 (21)

ELISpot data shown in table 14 indicates that immuno-
genic PSA polypeptides in both cytosolic and membrane-
bound forms are capable of inducing T cells that recognize
human tumor cells transduced with adenovirus to express
the cytosolic PSA antigen (SKmel5-Ad-PSA) but not cells
transduced with adenovirus to express eGFP (SKmel5-Ad-
eGFP). These two antigens also elicited response to PSA
protein. The PSA secreted antigen failed to induce T cells to
both SKmel5-Ad-PSA or PSA protein. SFC>50 is consid-
ered positive.
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TABLE 15 TABLE 16-continued

The induction of anti-PSA antibody response as measured by a sandwich
ELISA assay

Human PSMA Peptide Library peptide pools and
corresponding amino acid sequences

ELISA (OD = 1.0) 5 PSMA peptide aa sequences of individual
Antigen Forms Average (SD) # of positive pool (aa no.) peptides
PSA cytosolic 9% (0) 0/6 169-191 MPEGDLVYVNYARTE
PSA membrane-bound 4838 (835) 6/6 SII;‘;AR"”T“E{?;;EEEEE
PSA secreted 1151 2410) 2/6 10
181-203 RTEDFFKLERDMKIN
FFKLERDMKINCSGK
Data in Table 15 demonstrates that immunogenic PSA ERDMKINCSGKIVIA
polypeptides in both secreted and membrane-bound forms
ble of induci ti-PSA antibod 193-215 KINCSGKIVIARYGK
are capable of inducing anti- antibody responses. s SGKIVIARYGKVERG
VIARYGKVFRGNKVK
TABLE 16
205-227 YGKVFRGNKVKNAQL
Human PSMA Peptide Library peptide pools and FRGNKVKNAQLAGRK
corresponding amino acid sequencesg KVKNAQLAGAKGVIL
20
PSMA peptide aa sequences of individual 217-239 AQLAGAKGVILYSDP
pool {aa no.) peptides GAKGVILYSDPADYF
VILYSDPADYFAPGV
1-23 MWNLLHETDSAVATA
LHETDSAVATARRPR 229-251 SDPADYFAPGVKSYP
DSAVATARRPRWLCA DYFAPGVKSYPDGWN
25 PGVKSYPDGWNLPGG
13-35 ATARRPRWLCAGALV
RPRWLCAGALVLAGG 241-263 SYPDGWNLPGGGVQR
LCAGALVLAGGFFLL GWNLPGGGVQRGNIL
PGGGVQRGNILNLNG
25-47 ALVLAGGFFLLGFLF
AGGFFLLGFLFGWFI 30 253-275 VORGNILNLNGAGDP
FLLGFLFGWFIKSSN NILNLNGAGDPLTPG
37-59 FLFGWFIKSSNEATN LNGAGDPLTPGYPAN
WFIKSSNEATNITPK
SSNEATNITPKENMK 265-287 GDPLTPGYPANEYAY
35 TPGYPANEYAYRRGI
49-71 ATNITPKHNMKAFLD PANEYAYRRGIAEAV
TPKHNMKAFLDELKA
NMKAFLDELKAENIK 277-299 YAYRRGIAEAVGLPS
RGIAEAVGLPSIPVH
61-83 FLDELKAENIKKFLY EAVGLPSIPVHPIGY
LKAENIKKFLYNFTQ 40
NIKKFLYNFTQIPHL 289-311 LPSIPVHPIGYYDAQ
PVHPIGYYDAQKLLE
73-95 FLYNFTQIPHLAGTE 1GYYDAQKLLEKMGG
FTQIPHLAGTEQNFQ
PHLAGTEQNFQLAKQ 301-323 DAQKLLEKMGGSAPP
85-107 GTEQNFQLAKQIQSO 45 LLEKMGGSAPPDSSW
MGGSAPPDSSWRGSL
NFQLAKQIQSQWKEF
AKQIQSQWKEFGLDS
313-335 APPDSSWRGSLKVPY
97-117 QSQWKEFGLDSVELA SSWRGSLKVPYNVGP
KEFGLDSVELAHYDV GSLKVPYNVGPGFTG
LDSVELAHYDVLLSY 50
325-347 VPYNVGPGFTGNFST
109-131 ELAHYDVLLSYPNKT VGPGFTGNFSTQKVK
YDVLLSYPNKTHPNY FTGNFSTQKVKMHIH
LSYPNKTHPNYISII
337-359 FSTQKVKMHIHS TNE
121-243 NKTHPNYISIINEDG 55 KVKMHIHS TNEVTRI
PNYISIINEDGNEIF HIHSTNEVTRIYNVI
SIINEDGNEIFNTSL
349-371 TNEVTRIYNVIGTLR
133-155 EDGNEIFNTSLFEPP TRIVNVIGTLRGAVE
EIFNTSLFEPPPPGY
TSLFEPPPPGYENVS 60 NVIGTLRGAVEPDRY
145-167 EPPPPGYENVSDIVP 361-383 TLRGAVEPDRYVILG
PGYENVSDIVPPFSA AVEPDRYVILGGHRD
NVSDIVPPFSAFSPQ DRYVILGGHRDSWVF
157-179 IVPPFSAFSPQGMPE 373-395 ILGGHRDSWVFGGID
FSAFSPQGMPEGDLV 65 HRDSWVFGGIDPQSG
SPQGMPEGDLVYVNY WVFGGIDPQSGAAVY
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TABLE 16-continued TABLE 16-continued

Human PSMA Peptide Library peptide pools and
corresponding amino acid sequences

Human PSMA Peptide Library peptide pools and
corresponding amino acid sequences

PSMA peptide aa sequences of individual 5 PSMA peptide aa sequences of individual
pool (aa no.) peptides pool (aa no.) peptides
385-407 GIDPQSGAAVVHEIV 601-623 AVVLRKYADKIYSIS
QSGAAVVHEIVRSFG RKYADKIYSISMKHP
AVVHEIVRSFGTLKK DKIYSISMKHPQEMK
10
397-419 EIVRSFGTLKKEGWR 613-635 SISMKHPQEMKTYSV
SFGTLKKEGWRPRRT KHPQEMKTYSVSFDS
LKKEGWRPRRTILFA EMKTYSVSFDSLFSA
409-431 GWRPRRTILFASWDA
RRTILFASWDAEEFG 15 625-647 :sziggi$$§¥g:
LFASWDAEEFGLLGS
FSAVKNFTEIASKFS
421-443 WDAEEFGLLGSTEWA
EFGLLGS TEWAEENS 637-659 KNFTEIASKFSERLQ
LGSTEWAEENSRLLQ EIASKFSERLODFDK
KFSERLQDFDKSNPI
433-455 EWAEENSRLLQERGV 20
ENSRLLQERGVAYIN 649-671 RLODFDKSNPIVLRM
LLQERGVAYINADSS FDKSNPIVLRMMNDQ
NPIVLRMMNDQLMFL
445-467 RGVAYINADSSIEGN
YINADSSIEGNYTLR 661-683 LRMMNDQLMFLERAF
DSSIEGNYTLRVDCT 25 NDQLMFLERAFIDPL
MFLERAFIDPLGLPD
457-479 EGNYTLRVDCTPLMY
TLRVDCTPLMYSLVH 673-695 RAFIDPLGLPDRPFY
DCTPLMYSLVHNLTK DPLGLPDRPFYRHVI
30 LPDRPFYRHVIYAPS
469-491 LMYSLVHNLTKELKS
LVHNLTKELKSPDEG 685-707 PFYRHVIYAPSSHNK
LTKELKSPDEGFEGK HVIYAPSSHNKYAGE
APSSHNKYAGESFPG
481-503 LKSPDEGFEGKSLYE
DEGFEGKSLYESWTK 35 697-719 HNKYAGESFPGIYDA
EGKSLYESWTKKSPS AGESFPGIYDALFDI
FPGIYDALFDIESKV
493-515 LYESWTKKSPSPEFS
WTKKSPSPEFSGMPR 709-731 YDALFDIESKVDPSK
SPSPEFSGMPRISKL FDIESKVDPSKAWGE
40 SKVDPSKAWGEVKRQ
505-527 EFSGMPRISKLGSGN
MPRISKLGSGNDFEV 721-743 PSKAWGEVKRQIYVA
SKLGSGNDFEVFFQR WGEVKRQIYVAAFTV
KRQIYVAAFTVQAAA
517-539 SGNDFEVFFQRLGIA
FEVFFQRLGIASGRA 45 733-750 YVAAFTVQAAAETLS
FORLGIASGRARYTK FTVOAAAETLSEVA
529-551 GIASGRARYTKNWET
GRARYTKNWETNKFS
YTKNWETNKFSGYPL TABLE 17
50
541-563 WETNKFSGYPLYHSV Human PSA Peptide Librar
KFSGYPLYHSVYETY
YPLYHSVYETYELVE PSA peptide aa sequences of individual
pool (aa no.) peptides
553-575 HSVYETYELVEKFYD
ETYELVEKFYDPMFK 55 1-23 MWVPVVFLTLSVTWI
LVEKFYDPMFKYHLT VVFLTLSVTWIGAAP
TLSVIWIGAAPLILS
565-587 FYDPMFKYHLTVAQV
s mmesssn
HLTVAQVRGGMVFEL 60 ILSRIVGGWECEKHS
577-599 AQVRGGMVFELANSI 25-47 IVGGWECEKHSQPWO
GGMVFELANSIVLPF WECEKHSQPWOVLVA
FELANSIVLPFDCRD KHSQPWQVLVASRGR
589-611 NSIVLPFDCRDYAVV 37-59 PWQVLVASRGRAVCG
LPFDCRDYAVVLRKY 65 LVASRGRAVCGGVLV
CRDYAVVLRKYADKI RGRAVCGGVLVHPOW
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TABLE 18

Human PSA Peptide Librar

PSA peptide
pool (aa no.)

aa sequences of individual

peptides

49-71

61-83

73-95

85-107

97-117

109-131

121-243

133-155

145-167

157-179

169-191

181-203

193-215

205-227

217-239

229-251

241-263

VCGGVLVHPQWVLTA
VLVHPQWVLTAAHCI
POQWVLTAAHCIRNKS

LTAAHCIRNKSVILL
HCIRNKSVILLGRHS
NKSVILLGRHSLFHP

ILLGRHSLFHPEDTG
RHSLFHPEDTGQVFQ
FHPEDTGQVFQVSHS

DTGQVFQVSHSFPHP
VFQVSHSFPHPLYDM
SHSFPHPLYDMSLLK

PHPLYDMSLLKNRFL
YDMSLLKNRFLRPGD
LLKNRFLRPGDDSSH

RFLRPGDDSSHDLML
PGDDSSHDLMLLRLS
SSHDLMLLRLSEPAE

LMLLRLSEPAELTDA
RLSEPAELTDAVKVM
PAELTDAVKVMDLPT

TDAVKVMDLPTQEPA
KVMDLPTQEPALGTT
LPTQEPALGTTCYAS

EPALGTTCYASGWGS
GTTCYASGWGSIEPE
YASGWGSIEPEEFLT

WGSIEPEEFLTPKKL
EPEEFLTPKKLQCVD
FLTPKKLQCVDLHVI

KKLQCVDLHVISNDV
CVDLHVISNDVCAQV
HVISNDVCAQVHPQK

NDVCAQVHPQKVTKF
AQVHPQKVTKFMLCA
PQKVTKFMLCAGRWT

TKFMLCAGRWTGGKS
LCAGRWTGGKSTCSG
RWTGGKSTCSGDSGG

GKSTCSGDSGGPLVC
CSGDSGGPLVCNGVL
SGGPLVCNGVLQGIT

LVCNGVLQGITSWGS
GVLQGITSWGSEPCA
GITSWGSEPCALPER

WGSEPCALPERPSLY
PCALPERPSLYTKVV
PERPSLYTKVVHYRK

SLYTKVVHYRKWIKD
KVVHYRKWIKDTIVA
YRKWIKDTIVANP
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PSMA Orthologs

PSMA species NCBI ID % ID with human
human 2897946 100
chimpanzee 114639743 99
macaque 109108238 97
dog 73987958 93
horse 149719573 92
pig 47523822 90
cow 156120365 89
rat 149069047 84
mouse 20138153 84
opossum 126327828 80
chicken 118085215 78
platypus 149635150 76
zebra fish 41053648 69

TABLE 19

Conserved T Cell Epitopes in the Human PSMA
ag Set Forth in SEQ ID NO: 1.

Amino acid Start Amino acid End Sequence

168 176 GMPEGDLVY
347 356 HSTNGVTRIY
557 566 ETYELVEKFY
207 215 KVFRGNKVK
431 440 STEWAEENSR
4 12 LLHETDSAV
27 35 VLAGGFFLL
168 177 GMPEGDLVYV
441 450 LLOERGVAYT
469 477 LMYSLVHNL
711 719 ALFDIESKV
663 671 MNDQVMFL
178 186 NYARTEDFF
227 235 LYSDPADYF
624 632 TYSVSFDSL
334 348 TGNFSTQKVKMHIHS
459 473 NYTLRVDCTPLMYSL
687 701 YRHVIYAPSSHNKYA
730 744 RQIYVAAFTVQARAE
Example 4

Construction of Multi-Antigen Vaccine Constructs

In this Example, several strategies for expressing multiple
antigens from single component DNA vaccine construct are
described. These multi-antigen DNA vaccine constructs
share the same general plasmid backbone as pPJV7563.
Although the multi-antigen expression strategies are
described here in the context of a DNA vaccine, the prin-
ciples will apply similarly in the context of viral vector
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genetic vaccines (such as adenovirus vectors). Unless oth-
erwise specified, the genes included in the multi-antigen
constructs encode the human PSMA modified antigen (noted
as PSMA), full length human PSCA (noted as PSCA), and
the human PSA cytosolic antigen (noted as PSA), as
described in the examples herein above.

Example 4A
Dual Antigen Constructs

4A1. Construction of Dual Antigen Constructs Utilizing
Multiple Promoters

General Strategy.

One strategy for creating multivalent nucleic acid vaccine
constructs is to incorporate multiple independent promoters
into a single plasmid (Huang, Y., Z. Chen, et al. (2008).
“Design, construction, and characterization of a dual-pro-
moter multigenic DNA vaccine directed against an HIV-1
subtype C/B’ recombinant.” J Acquir Immune Defic Syndr
47(4): 403-411; Xu, K., Z. Y. Ling, et al. (2011). “Broad
humoral and cellular immunity elicited by a bivalent DNA
vaccine encoding HA and NP genes from an H5N1 virus.”
Viral Immunol 24(1): 45-56). The plasmid can be engi-
neered to carry multiple expression cassettes, each consist-
ing of a) a eukaryotic promoter for initiating RNA poly-
merase dependent transcription, with or without an enhancer
element, b) a gene encoding a target antigen, and c) a
transcription terminator sequence. Upon delivery of the
plasmid to the transfected cell nucleus, transcription will be
initiated from each promoter, resulting in the production of
separate mRNAs, each encoding one of the target antigens.
The mRNAs will be independently translated, thereby pro-
ducing the desired antigens.

Plasmid 460 (PSMA/PSCA Dual Promoter).

Plasmid 460 was constructed using the techniques of
site-directed mutagenesis, PCR, and restriction fragment
insertion. First, a Kpn I restriction site was introduced
upstream of the CMV promoter in plasmid 5259 using
site-directed mutagenesis with MD5 and MD6 primers
according to manufacturer’s protocol (Quickchange kit,
Agilent Technologies, Santa Clara, Calif.). Second, an
expression cassette consisting of a minimal CMV promoter,
human PSMA, and rabbit B globulin transcription termina-
tor was amplified by PCR from plasmid 5166 using primers
that carried Kpn I restriction sites (MD7 and MDS). The
PCR amplicon was digested with Kpn I and inserted into the
newly introduced Kpn I site of calf intestinal alkaline
phosphatase (CIP)-treated plasmid 5259.

4A2. Construction of Dual Antigen Constructs Utilizing
2A Peptides

General Strategy.

Multiple protein antigens can also be expressed from a
single vector through the use of viral 2A-like peptides
(Szymczak, A. L. and D. A. Vignali (2005). “Development
of 2A peptide-based strategies in the design of multicistronic
vectors.” Expert Opin Biol Ther 5(5): 627-638; de Felipe, P.,
G. A. Luke, et al. (2006). “E unum pluribus: multiple
proteins from a self-processing polyprotein.” Trends Bio-
technol 24(2): 68-75; Luke, G. A., P. de Felipe, et al. (2008).
“Occurrence, function and evolutionary origins of ‘2A-like’
sequences in virus genomes.” J Gen Virol 89 (Pt 4): 1036-
1042; Ibrahimi, A., G. Vande Velde, et al. (2009). “Highly
efficient multicistronic lentiviral vectors with peptide 2A
sequences.” Hum Gene Ther 20(8): 845-860; Kim, J. H., S.
R. Lee, et al. (2011). “High cleavage efficiency of a 2A
peptide derived from porcine teschovirus-1 in human cell
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lines, zebrafish and mice.” PLoS One 6(4): ¢18556). These
peptides, also called cleavage cassettes or CHYSELs (cis-
acting hydrolase elements), are approximately 20 amino
acids long with a highly conserved carboxy terminal D-V/
I-EXNPGP motif (FIG. 2). The cassettes are rare in nature,
most commonly found in viruses such as Foot-and-mouth
disease virus (FMDV), Equine rhinitis A virus (ERAV),
Encephalomyocarditis virus (EMCV), Porcine teschovirus
(PTV), and Thosea asigna virus (TAV) (Luke, G. A., P. de
Felipe, et al. (2008). “Occurrence, function and evolutionary
origins of ‘2A-like’ sequences in virus genomes.” J Gen
Virol 89 (Pt 4): 1036-1042). With a 2A-based multi-antigen
expression strategy, genes encoding multiple target antigens
can be linked together in a single open reading frame,
separated by 2A cassettes. The entire open reading frame can
be cloned into a vector with a single promoter and termi-
nator. Upon delivery of the genetic vaccine to a cell, mRNA
encoding the multiple antigens will be transcribed and
translated as a single polyprotein. During translation of the
2A cassettes, ribosomes skip the bond between the C-ter-
minal glycine and proline. The ribosomal skipping acts like
a cotranslational autocatalytic “cleavage” that releases
upstream from downstream proteins. The incorporation of a
2A cassette between two protein antigens results in the
addition of ~20 amino acids onto the C-terminus of the
upstream polypeptide and 1 amino acid (proline) to the
N-terminus of downstream protein. In an adaptation of this
methodology, protease cleavage sites can be incorporated at
the N terminus of the 2A cassette such that ubiquitous
proteases will cleave the cassette from the upstream protein
(Fang, J., S. Yi, et al. (2007). “An antibody delivery system
for regulated expression of therapeutic levels of monoclonal
antibodies in vivo.” Mol Ther 15(6): 1153-1159).

Plasmid 451 (PSMA-T2A-PSCA).

Plasmid 451 was constructed using the techniques of
overlapping PCR and restriction fragment exchange. First,
the gene encoding human PSMA amino acids 15-750 was
amplified by PCR using plasmid 5166 as a template with
primers 119 and 117. The gene encoding full-length human
PSCA was amplified by PCR using plasmid 5259 as a
template with primers 118 and 120. PCR resulted in the
addition of overlapping TAV 2A (T2A) sequences at the 3'
end of PSMA and 5' end of PSCA. The amplicons were
mixed together and amplified by PCR with primers 119 and
120. The PSMA-T2A-PSCA amplicon was digested with
Nhe I and Bgl 11 and inserted into similarly digested plasmid
5166. A glycine-serine linker was included between PSMA
and the T2A cassette to promote high cleavage efficiency.

Plasmid 454 (PSCA-F2A-PSMA).

Plasmid 454 was created using the techniques of PCR and
restriction fragment exchange. First, the gene encoding
full-length human PSCA was amplified by PCR using plas-
mid 5259 as a template with primers 42 and 132. The
amplicon was digested with BamH I and inserted into
similarly digested, CIP-treated plasmid 5300. A glycine-
serine linker was included between PSCA and the FMDV
2A (F2A) cassette to promote high cleavage efficiency.

Plasmid 5300 (PSA-F2A-PSMA)

Plasmid 5300 was constructed using the techniques of
overlapping PCR and restriction fragment exchange. First,
the gene encoding PSA amino acids 25-261 was amplified
by PCR from plasmid 5297 with primers MD1 and MD2.
The gene encoding human PSMA amino acids 15-750 was
amplified by PCR from plasmid 5166 with primers MD3 and
MD4. PCR resulted in the addition of overlapping F2A
sequences at the 3' end of PSA and 5' end of PSMA. The
amplicons were mixed together and extended by PCR. The
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PSA-F2A-PSMA amplicon was digested with Nhe I and Bgl
II and inserted into similarly digested plasmid pPJV7563.

4A3. Dual Antigen Constructs Utilizing Internal Ribo-
somal Entry Sites

General Strategy:

A third strategy for expressing multiple protein antigens
from a single plasmid or vector involves the use of an
internal ribosomal entry site, or IRES. Internal ribosomal
entry sites are RNA elements (FIG. 3) found in the 5'
untranslated regions of certain RNA molecules (Bonnal, S.,
C. Boutonnet, et al. (2003). “IRESdb: the Internal Ribosome
Entry Site database.” Nucleic Acids Res 31(1): 427-428).
They attract eukaryotic ribosomes to the RNA to facilitate
translation of downstream open reading frames. Unlike
normal cellular 7-methylguanosine cap-dependent transla-
tion, IRES-mediated translation can initiate at AUG codons
far within an RNA molecule. The highly efficient process
can be exploited for use in multi-cistronic expression vectors
(Bochkov, Y. A. and A. C. Palmenberg (2006). “Transla-
tional efficiency of EMCV IRES in bicistronic vectors is
dependent upon IRES sequence and gene location.” Bio-
techniques 41(3): 283-284, 286, 288). Typically, two trans-
genes are inserted into a vector between a promoter and
transcription terminator as two separate open reading frames
separated by an IRES. Upon delivery of the genetic vaccine
to the cell, a single long transcript encoding both transgenes
will be transcribed. The first ORF will be translated in the
traditional cap-dependent manner, terminating at a stop
codon upstream of the IRES. The second ORF will be
translated in a cap-independent manner using the IRES. In
this way, two independent proteins can be produced from a
single mRNA transcribed from a vector with a single expres-
sion cassette.

Plasmid 449 (PSMA-mIRES-PSCA).

Plasmid 449 was constructed using the techniques of
overlapping PCR and restriction fragment exchange. First,
the gene encoding full length human PSCA was amplified by
PCR from plasmid 5259 with primers 124 and 123. The
minimal EMCV IRES was amplified by PCR from pShuttle-
IRES with primers 101 and 125. The overlapping amplicons
were mixed together and amplified by PCR with primers 101
and 123. The IRES-PSCA amplicon was digested with Bgl
1T and BamH I and inserted into Bgl II-digested, CIP-treated
plasmid 5166. In order to fix a spontaneous mutation within
the IRES, the IRES containing Avr II to Kpn I sequence was
replaced with an equivalent fragment from pShuttle-IRES.

Plasmid 603 (PSCA-pIRES-PSMA).

Plasmid 603 was constructed using the techniques of PCR
and seamless cloning. The gene encoding full length human
PSCA attached at its 3' end to a preferred EMCV IRES was
amplified from plasmid 455 by PCR with primers SD546
and SD547. The gene encoding human PSMA amino acids
15-750 was amplified by PCR from plasmid 5166 using
primers SD548 and SD550. The two overlapping PCR
amplicons were inserted into Nhe I and Bgl II-digested
pPIV7563 by seamless cloning according to manufacturer’s
instructions (Invitrogen, Carlsbad, Calif.).

Plasmid 455 (PSCA-mIRES-PSA).

Plasmid 455 was constructed using the techniques of
overlapping PCR and restriction fragment exchange. First,
the gene encoding human PSA amino acids 25-261 was
amplified by PCR from plasmid 5297 with primers 115 and
114. The minimal EMCV IRES was amplified by PCR from
pShuttle-IRES with primers 101 and 116. The overlapping
amplicons were mixed together and amplified by PCR with
primers 101 and 114. The IRES-PSA amplicon was digested
with Bgl II and BamH 1 and inserted into Bgl II-digested,
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CIP-treated plasmid 5259. In order to fix a spontaneous
mutation within this clone, the Bgl 1I to BstE II sequence
was replaced with an equivalent fragment from a fresh
overlapping PCR reaction.

Example 4B
Triple Antigen DNA Constructs

General Strategy.

The abilities of the dual antigen expression vectors to
direct the expression of PSMA, PSCA, and/or PSA were
characterized in transfected HEK293 cells (FIGS. 4, 5A, 5B,
and 6). A number of dual antigen expression cassettes,
including PSA-F2A-PSMA, PSMA-mIRES-PSCA, PSMA-
T2A-PSCA, PSA-T2A-PSCA, PSCA-F2A-PSMA, PSCA-
pIRES-PSMA, and PSMA-mIRES-PSA, were selected for
incorporation in various combinations into triple antigen
expression vectors. In all cases, the vectors were based on
the parental pPJV7563 plasmid backbone. Four vectors
(plasmids 456, 457, 458, and 459) utilized a single full CMV
promoter with a rabbit B globulin transcription terminator to
drive expression of all three antigens. Two other vectors
(plasmids 846 and 850) incorporated a dual promoter strat-
egy in combination with either an IRES or 2A to drive
expression of the three antigens. Vectors with multiple 2A
cassettes were engineered to carry different cassettes to
minimize the likelihood of recombination between the first
and second cassette during plasmid/vector amplification.
Antigen expression was demonstrated by flow cytometry
(FIGS. 7A and 7B) and western blotting (FIGS. 8A and 8B).

Plasmid 456 (PSA-F2A-PSMA-mIRES-PSCA).

Plasmid 456 was constructed by restriction fragment
exchange. Plasmid 5300 was digested with Nhe I and Hpa
I and the ~1.8 kb insert was ligated into similarly digested
plasmid 449.

Plasmid 457 (PSA-F2A-PSMA-T2A-PSCA).

Plasmid 457 was constructed by restriction fragment
exchange. Plasmid 5300 was digested with Nhe I and Hpa
I and the ~1.8 kb insert was ligated into similarly digested
plasmid 451.

Plasmid 458 (PSA-T2A-PSCA-F2A-PSMA).

Plasmid 458 was constructed using the techniques of PCR
and restriction fragment exchange. The gene encoding
human PSA amino acids 25-261 was amplified by PCR from
plasmid 5297 with primers 119 and 139, resulting in the
addition of a T2A sequence and Nhe I restriction site at the
3" end. The amplicon was digested with Nhe I and inserted
into similarly digested plasmid 454.

Plasmid 459 (PSCA-F2A-PSMA-mIRES-PSA).

Plasmid 459 was constructed by restriction fragment
exchange. Plasmid 454 was digested with Nhe I and Bgl 11
and the PSCA-F2A-PSMA containing insert was ligated into
similarly digested plasmid 455.

Plasmid 846 (CBA-PSA, CMV-PSCA-pIRES-PSMA).

Plasmid 846 was constructed using the techniques of PCR
and seamless cloning. First, an expression cassette was
synthesized that consisted of 1) the promoter and 5' untrans-
lated region from the chicken beta actin (CBA) gene, 2) a
hybrid chicken beta actin/rabbit beta globin intron, 3) the
gene encoding human PSA amino acids 25-261, and 4) the
bovine growth hormone terminator. This PSA expression
cassette was amplified by PCR from plasmid 796 with
primers 3SallCBA and 5SalIBGH. The amplicon was cloned
into the Sall site of plasmid 603 using a GeneArt Seamless
Cloning and Assembly Kit (Invitrogen, Carlsbad, Calif.).
Upon delivery of this plasmid into a cell, PSA expression
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will be driven off the CBA promoter while PSCA and PSMA TABLE 20-continued
expression will be driven off the CMV promoter.
Plasmid 850 (CBA-PSA, CMV-PSCA-F2A-PSMA). — [List of Plasmids Expressing Multiple-Antigens

Plasmid 850 was constructed using the techniques of PCR 15 E . . . .
N N " xpression Expression 3 Plasmid

and seamless cloning. First, the CBA promoter-driven PSA 5 Anigen  strategy  Antigen  strategy  Antigen D #
expression cassette was amplified by PCR from plasmid 796

2nd

with primers 3SallCBA and 5SalIBGH. The amplicon was PSMA 2t PSCA 460
. . . . promoters
cloned into th.e Sall site of plasmid . 454 using GeneArt PSMA TOA PSCA 451
Seamless Cloning. Upon delivery of this plasmid into a cell, PSCA F2A PSMA 454
PSA expression will be driven off the CBA promoter while 10 PSA F2A PSMA 5300
PSCA and PSMA expression will be driven off the CMV PSMA IRES PSCA 449
P PSCA IRES PSMA 603
promoter. PSCA IRES PSA 455
PSA F2A PSMA mIRES PSCA 456
TABLE 20 PSA F2A PSMA T2A PSCA 457
15 PSA T2A PSCA F2A PSMA 458
List of Plasmids Expressing Multiple-Antigens PSCA F2A PSMA mIRES PSA 459
PSA 2 PSCA pIRES PSMA 796
1 Expression ond Expression 374 Plasmid promoters
Antigen strategy Antigen strategy Antigen D # PSA 2 PSCA PIRES PSMA 846
promoters
PSMA 5166 PSA 2 PSCA F2A PSMA 850
PSCA 5259 20 promoters
PSA 5297
TABLE 21
List of Primers Used in the Construction of the Multi-antigen
Plasmids
Primer Sequence (5' to 3') Strand
42 CGTTGACGCARATGGGCGGTAGE Sense
101 TCAGAGATCTGACCCCCTAACGTTACTGGC Sense
114 TATAGGATCCTCAGGGGTTGGCCACGATE Antisense
115 GAARRACACGATGATAATATGGCCAGCATTGTGGGAGECTGGGAGTG  Sense
116 CCACAATGCTGGCCATATTATCATCGTGTTTTTCAAAGGAAAACCACGT Antisense
cc
117 CATCTCCACAGGTCAATAATGAACCCCTACCTTCGGATCCGGCTACTTC Antisense
ACTCARAGTC
118 GTTCATTATTGACCTGTGGAGATGTCGAAGAAAACCCAGGACCCGCAA  Sense

GCAAGGCTGTGCTGCTTGCCCTG

119 TTGCCTCTCACATCTCGTCAATCTCCGCGAGGAC Sense
120 GATCTTTTGTACAATATGATCTTGTGGCAATGTCCC Antisense
123 TATAGGATCCCTATAGCTGGCCGGGTCC Antisense
124 CACGATGATAATATGGCCAGCAAGGCTGTGCTGCTTGCC Sense
125 CACAGCCTTGCTGGCCATATTATCATCGTGTTTTTCAAAGGAAARACCAC Antisense
GTCC
132 TATAGGATCCTAGCTGGCCGGGTCCCCAGAG Antisense
139 ATATGCTAGCGGGTCCTGGGTTTTCTTCGACATCTCCACAGGTCAATAA Antisense
TGAACCCCTACCTTCGGATCCGGGG
TTGGCCACGATGGTGTCC
SD546 CTGTGACGAACATGGCTAGCAAGG Sense
SD547 ATTATCATCGTGTTTTTCAAAGGAAAACC Antisense
SD548 AAACACGATGATAATATGGCCACAACCATGGCGCGCCGCCCGTC Sense
SD550 TTTTGTTAGGGCCCAGATCTTTAGGC Antisense
MD1 GACGAACATGGCTAGCATTGTGGGAGGCTG Sense
MD2 CCACATCGCCTGCCAGTTTCAGCAGATCAAAGTTCAGGGTCTGGGATC Antisense

CGGGGTTGGCCACGATGGTGTC
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TABLE 21-continued

70

List of Primers Used in the Construction of the Multi-antigen

Plasmids

Primer Sequence (5' to 3') Strand

MD3 GATCTGCTGAAACTGGCAGGCGATGTGGAAAGCAACCCAGGCCCAATG Sense
GCAAGCGCGCGCCGCCCGCGCTG

MD4 GTTAGGGCCCAGATCTTTAGGCTACTTCACTCAAAGTC Antisense

MD5 CTTGTATTACTGTTTATGTAAGCAGACAGGGTACCAATATTGGCTATTG Sense
GCCATTGCATAC

MD6 GTATGCAATGGCCAATAGCCAATATTGGTACCCTGTCTGCTTACATAAA Antisense
CAGTAATACAAG

MD7 CATGCATGGGTACCAATCTTCCGAGTGAGAGACACAAAAAATTCC Sense

MD8 GATCGATCGGTACCCTGCAGGTCGAGCACCAAAATCAACGGG Antisense

5SalIBGH GTTTATGTAAGCAGACAGGTCGACCCATAGAGCCCACCGCATCCCCAGC Antisense

3SalICBA TGGCCAATAGCCAATATTGTCGACTGGGTCGAGGTGAGCCCCACGTTC

TG

Sense

Example 4C
Triple Antigen Adenovirus Constructs

General Strategy.

As with DNA plasmids, viral vaccine vectors can be
engineered to deliver multiple prostate cancer antigens. The
three multi-antigen expression strategies described above
for DNA vaccines—dual promoters, 2A peptides, and inter-
nal ribosome entry sites—were incorporated in various
combinations to create triple antigen adenovirus vectors.
Briefly, the multi-antigen expression cassettes were cloned
into a pShuttle-CMV plasmid modified to carry two copies
of the tetracycline operator sequence (TetO2). Recombinant
adenovirus serotype 5 vectors were created using the
AdEasy Vector System according to manufacturer’s proto-
cols (Agilent Technologies, Inc., Santa Clara, Calif.).
Viruses were amplified in HEK293 cells and purified by
double cesium chloride banding according to standard pro-
tocols. Prior to in vivo studies, viral stocks were thoroughly
characterized for viral particle concentration, infectivity
titer, sterility, endotoxin, genomic and transgene integrity,
transgene identity and expression.

Adenovirus-733 (PSA-F2A-PSMA-T2A-PSCA).

Ad-733 is the viral equivalent of plasmid 457. Expression
of the three antigens is driven off a single CMV promoter
with a tetracycline operator for repressing transgene expres-
sion during large scale production in Tet repressor express-
ing HEK293 lines. Multi-antigen expression strategies
include two different 2A sequences.

Adenovirus-734 (PSA-T2A-PSCA-F2A-PSMA).

Ad-734 is the viral equivalent of plasmid 458. Expression
of the three antigens is driven off a single CMV promoter
with a tetracycline operator for repressing transgene expres-
sion during large scale production in Tet repressor express-
ing HEK293 lines. Multi-antigen expression strategies
include two different 2A sequences.

Adenovirus-735 (PSCA-F2A-PSMA-mIRES-PSA).

Ad-735 is the viral equivalent of plasmid 459. Expression
of the three antigens is driven off a single CMV promoter
with a tetracycline operator for repressing transgene expres-
sion during large scale production in Tet repressor express-
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ing HEK293 lines. Multi-antigen expression strategies
include a 2A sequence and an IRES.

Adenovirus-796  (CBA-PSA,
PSMA).

Ad-796 is the viral equivalent of plasmid 846. Expression
of PSA is driven off the chicken beta actin promoter while
PSCA and PSMA expression is driven oftf the CMV-TetO2
promoter. Multi-antigen expression strategies include two
promoters and an IRES.

Adenovirus-809 (CBA-PSA, CMV-PSCA-F2A-PSMA).

Ad-809 is the viral equivalent of plasmid 850. Expression
of PSA is driven off the chicken beta actin promoter while
PSCA and PSMA expression is driven oftf the CMV-TetO2
promoter. Multi-antigen expression strategies include two
promoters and a 2A sequence.

CMV-PSCA-pIRES-

Example 5
Immunogenicity of Triple Antigen DNA Vaccines

Example 5 illustrates the capability of triple antigen
nucleic acid vaccine constructs expressing PSMA, PSCA
and PSA to elicit antigen-specific T and B cell responses to
all three encoded prostate antigens.

Cellular Immune Response Study.

Immunogenicity of triple antigen constructs containing
PSMA, PSCA and PSA, as described in Example 5, was
studied in C57BL/6 mice according to the procedure
described below.

Female C57BL/6 mice were primed on day 0 and boosted
on days 14, 28 and 49 with DNA vaccine constructs encod-
ing human-PSMA, PSCA and PSA antigens by PMED
administration. In total, four different triple antigen vacci-
nation strategies were evaluated, which included three DNA
vaccines that co-expressed the target proteins and one co-
formulation approach. For co-expression, single DNA plas-
mids encoding all three prostate antigens linked by 2A
peptides or internal ribosome entry sites (IRES) were used
as follows: PSA-F2A-PSMA-T2A-PSCA (plasmid ID#457),
PSA-T2A-PSCA-F2A-PSMA (plasmid ID#458) and PSCA-
F2A-PSMA-IRES-PSA (plasmid 1D#459). For the co-for-
mulation approach, three different DNA plasmids, each
individually encoding PSMA, PSCA or PSA, were co-
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formulated onto a single gold particle for PMED delivery.
With the exception of co-formulation, the DNA elements
that control co-expression (2A and IRES) differ in length,
transgene expression efficiency and the presence of foreign
genetic material attached to the target transgenes. As con-
trols, C57BL/6 mice were vaccinated with DNA expressing
a single prostate antigen, either PSMA, PSCA or PSA. For
the co-expressed triple or single antigen DNA vaccines, a
dose 2 pg of DNA vaccine plasmid was given per PMED
administration, whereas 1 ng of each of the co-formulated
triple antigen DNA vaccines (a total of 3 ng) was adminis-
tered per PMED administration. Cellular immune responses
against the triple and single antigen vaccines were measured
by collecting the spleens from each animal on day 56, seven
days after the final PMED vaccination. Splenocytes were
isolated and subjected to an IFN-y ELISPOT assay to
measure the PSMA, PSCA and PSA-specific T cell
responses. Briefly, 2x10° splenocytes from individual ani-
mals were plated per well with 5x10* per well of TRAMP-
C2 (transgenic adenocarcinoma mouse prostate) cells stably
expressing a single human prostate antigen or PSMA, PSCA
and PSA together, or with individual or pools of human
PSMA, PSCA and PSA-specific peptides at 10 ug/ml (see
Table 22 for peptides and peptide pool composition), or
medium alone as a control. Each condition was performed in
triplicate. The plates were incubated for 20 h at 37° C. and
5% CO,, washed and developed after incubation as per the
manufacturer’s instructions. The number of IFN-y spot
forming cells (SFC) was counted by a Cellular Technology
Ltd. (CTL) reader. The results are presented in FIGS. 9 and
10, which show the average number of PSMA, PSCA or
PSA-specific SFCs+/-the standard deviation of five mice
per group, normalized to 1x10° splenocytes.

TABLE 22

The 15mer PSMA, PSCA and PSA peptides that were tested in the
ELISPOT assay. The amino acid position of the N and C-terminal end
of each peptide is indicated.

Prostate antigen Peptides Tested individually or pool
PSMA 577-591 Individual
PSMA 589-603 Individual
PSMA 601-615 Individual
PSMA 629-643 Individual
PSMA 641-655 Individual
PSMA 77-91 Pool 1

91-111
153-167
229-243
365-379
PSMA 401-415 Pool 2
429-443
521-335
613-627
PSMA 657-671 Pool 3
685-699
701-715
733-747
PSCA 25-39 Individual
PSA 65-79 Individual
PSA 73-87 Individual

Antibody Response Study.

Antibody responses against the triple and single antigen
vaccines were measured by collecting the serum from each
animal on day 56, seven days after the final PMED vacci-
nation. Serum was subjected to enzyme-linked immunosor-
bent assays (ELISA) to determine the anti-PSMA and anti-
PSCA antibody titers. In brief, ELISA plates were coated
with 1 pg/ml of human PSMA or PSCA and incubated
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overnight at 4° C. Plates were then blocked and incubated at
RT for 1 h with 1% bovine serum albumin (BSA). Each
serum sample was serially diluted in duplicate starting at a
1:100 dilution and incubated for 1 h at RT. After washing, a
horseradish-peroxidise (HRP)-conjugated goat anti-mouse
polyclonal IgG antibody was incubated at RT for 1 h. After
washing, the TMB Peroxidase EIA-Substrate was incubated
at RT for 30 min. The colorimetric reaction was stopped by
addition 1N sulfuric acid and the absorbance then read at
450 nm. Titration curves were plotted for each serum sample
(sample dilution versus absorbance). The serum titer (sub-
sequently transformed into reciprocal titer) was then taken
as the most dilute serum sample tested with an optical
density (OD) value of above the lower limit of detection
(LLOD; background plus 3 standard deviations) or the
serum dilution calculated to achieve an OD value of 1.0. The
results are presented in FIGS. 11 and 12, which show the
average titers+/—the standard deviation of five mice per
group.

Serum was also subjected to a fluorescence-activated cell
sorting (FACS) assay to measure antibody binding to either
human PSMA or PSCA expressed on the cell surface of
appropriate cell lines, thus determining whether antibodies
generated by the multi-antigen vaccines were capable of
recognizing native PSMA and PSCA conformations, respec-
tively. LNCaP (human prostate adenocarcinoma) cells were
utilized to measure antibody binding to native PSMA. PC3
(human prostate cancer) cells served as a control in the
FACS assay, as these cells do not express human PSMA.
MIA-PaCa-2 (human pancreatic carcinoma) cells trans-
duced with an adenovirus expressing human PSCA (Ad-
PSCA) were utilized to measure antibody binding to native
PSCA. Untransduced MIA-PaCa-2 cells served as the con-
trol. In brief, to measure anti-PSMA antibody binding,
2x10° LNCaP or PC3 cells were incubated with a 1:100
dilution of mouse serum or 15 pg/ml of the control mouse-
anti-human PSMA monoclonal antibody (mAb) (clone
J591-A) for 20 min at 4° C. To measure anti-PSCA antibody
binding, 2x10° Ad-PSCA transduced and untransduced
MIA-PaCa-2 cells were incubated with a 1:30 dilution of
mouse serum or 4 ng/ml of the control mouse anti-human
PSCA mAb (clone 7F5) for 20 min at 4° C. Subsequently,
cells were washed and incubated with a secondary Phyco-
erythrin (PE)-conjugated goat-anti-mouse IgG antibody and
a live/dead dye for an additional 20 min at 4° C. After the
incubation, cells were washed and resuspended in 1.5%
paraformaldehyde, and 10,000 live cells were acquired on a
FACS Canto II. The results are presented in FIGS. 13 and
14, which show the average fold change in mean fluores-
cence intensity (MFI) of the mouse serum over the second-
ary anti-mouse antibody alone+/-the standard deviation of
five mice per group. Antibody titers were not measured
because PSA was expressed as a cytoplasmic protein by the
multi-antigen vaccines investigated in this study.

Results:

FIGS. 9A-9D show the results of a representative study
that evaluates the cellular immune responses of the triple
antigen vaccines by IFN-y ELISPOT assay. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28 and 49. On day 56, seven days after the last
PMED vaccination, recognition of the endogenous prostate
antigens was assessed by examining T cell responses to (A)
TRAMP C2-PSMA, (B) TRAMP C2-PSCA, (C) TRAMP
C2-PSA, and (D) TRAMP C2-PSMA-PSA-PSCA cells by
IFN-y ELISPOT assay. The TRAMP C2 cells served as a
background control for the assay. For IFN-y T cell responses
to endogenous PSMA, a significant response to TRAMP
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C2-PSMA was observed following the single PSMA PMED
vaccination, which was consistent with responses seen in
other studies. Similar PSMA-specific IFN-y T cell response
to TRAMP C2-PSMA was detected following the triple
antigen vaccinations. In contrast, complete ablation of the
response was observed following co-formulated PSMA,
PSCA and PSA vaccination (* indicates p<0.05 by two-way
ANOVA). For IFN-y T cell responses to endogenous PSCA,
no significant difference in response to the TRAMP
C2-PSCA cells was observed when comparing the single
PSCA vaccine to the four different triple antigen vaccines.
For IFN-y T cell responses to endogenous PSA, a significant
decrease in the response magnitude to TRAMP C2-PSA was
detected when comparing the immunogenicity of the single
PSA vaccine to either PSCA-F2A-PSMA-IRES-PSA (*#%*
indicates p<0.001 by two-way ANOVA) or the co-formu-
lated vaccine (* indicates p<0.05 by two-way ANOVA).
When examining the response to TRAMP C2-PSMA-
PSCA-PSA, the highest magnitude IFN-y T cell response
was observed following the PSA-F2A-PSMA-T2A-PSCA
vaccine. Taken together, these data demonstrate recognition
of endogenous PSMA, PSCA and PSA and generation of
antigen-specific T cell responses to all three prostate anti-
gens using a co-expression DNA vaccination strategy, espe-
cially with the PSA-F2A-PSMA-T2A-PSCA vaccine con-
struct. However, the co-formulation DNA vaccination
strategy resulted in a loss of antigen-specific IFN-y T cell
responses to PSMA and PSA.

FIGS. 10A-10D show the results of a representative study
that evaluates the immunogenicity of the triple antigen
vaccines by IFN-y ELISPOT assay. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14,
28 and 49. On day 56, T cell responses to (A) PSMA
peptides, (B) PSMA peptide pools, (C) PSCA peptides and
(D) PSA peptides (see Table 22) were assessed by IFN-y
ELISPOT assay. Medium alone served as a background
control for the assay. For IFN-y T cell responses to both the
individual and pools of PSMA peptides, compared to the
single PSMA vaccine, the highest magnitude response was
observed following administration of the PSA-F2A-PSMA.-
T2A-PSCA triple antigen vaccine. Similarly, the highest
magnitude IFN-y T cell response to PSCA and PSA-specific
peptides was detected following administration of the PSA-
F2A-PSMA-T2A-PSCA  vaccine. The co-formulated
PSMA, PSCA and PSA vaccine resulted in low to no T cell
responses to the PSMA-specific peptides and low magnitude
responses to the PSCA and PSA-specific peptides. These
data also demonstrate generation of T cell responses to
PSMA, PSCA and PSA when co-expressed from the same
vaccine construct. There was consistent and robust IFN-y T
cell responses to all three prostate antigens following PSA-
F2A-PSMA-T2A-PSCA  vaccination, and significant
decreases in the magnitude of IFN-y T cell responses to the
prostate antigens following PSA-T2A-PSCA-F2A-PSMA,
PSMA-F2A-PSMA-IRES-PSA and co-formulated PSMA,
PSCA and PSA vaccinations.

FIG. 11 shows the results of a representative study that
evaluates the immunogenicity of the triple antigen vaccines
by anti-PSMA antibody titers. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14,
28 and 49. On day 56, serum anti-PSMA antibody titers were
assessed by ELISA. All animals vaccinated with PSMA
generated significant anti-PSMA antibody titers. There were
no significant differences between titers, although vaccina-
tion with PSA-F2A-PSMA-T2A-PSCA resulted in slightly
lower titers compared to the other groups vaccinated with
PSMA. These data demonstrate the generation of anti-
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PSMA -specific antibodies following triple antigen vaccina-
tion, using both co-expression and co-formulation vaccine
strategies.

FIG. 12 shows the results of a representative study that
evaluates the immunogenicity of the triple antigen vaccines
by anti-PSCA antibody titers. Briefly, 5 mice per group were
primed on day 0 and boosted with PMED on days 14, 28 and
49. On day 56, serum anti-PSCA antibody titers were
assessed by ELISA. Antibody titers were detected in mice
vaccinated with PSCA alone and co-formulated PSMA,
PSCA and PSA. These results indicate that co-formulation
of PSMA, PSCA and PSA elicits a detectable anti-PSCA
antibody titer compared to the co-expressed DNA vaccina-
tion strategies.

FIG. 13 shows the results of a representative study that
evaluates the immunogenicity of the triple antigen vaccines
by anti-PSMA antibody cell-surface binding. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28 and 49. On day 56, recognition of cell-surface
native PSMA was assessed by serum antibody binding to
LNCaP and PC3 cells. The PC3 cells served as a background
control for the assay. PSA-F2A-PSMA-T2A-PSCA vacci-
nation resulted in anti-PSMA antibodies with a significantly
lower binding capacity to LNCaP cells compared to mice
vaccinated with PSA-T2A-PSCA-F2A-PSMA and PSMA
alone (* indicates p-value <0.05 by one-way ANOVA). All
other PSMA vaccinated groups showed no significant dif-
ference in anti-PSMA antibody binding. The fold-change
over secondary antibody alone for the J591-A mAb was 45.3
(data not shown). Overall, these data demonstrate generation
of anti-PSMA-specific antibodies that recognize native
PSMA following triple antigen vaccination, using both
co-expression and co-formulation DNA vaccination strate-
gies.

FIG. 14 shows the results of a representative study that
evaluates the immunogenicity of the triple antigen vaccines
by anti-PSCA antibody cell-surface binding. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28 and 49. On day 56, recognition of cell-surface
native PSCA was assessed by serum antibody binding to
Ad-PSCA transduced and untransduced MIA-PaCa-2 cells.
The untransduced, parental cells served as a background
control for the assay. With the exception of the single PSMA
and single PSA cyto vaccines, all vaccine regimens with
PSCA resulted in significant anti-PSCA antibody binding to
Ad-PSCA transduced MIA-PaCa-2 cells compared to the
parental cells. There were no significant differences in the
anti-PSCA antibody binding to Ad-PSCA transduced MIA-
PaCa-2 cells between the PSCA-vaccinated groups (one-
way ANOVA, p-value >0.05). The fold change over sec-
ondary antibody alone for the 7F5 mAb was 18.7 (data not
shown). Overall, these data demonstrate the generation of
anti-PSCA-specific antibodies that recognize native PSCA
following triple antigen vaccination, using both co-expres-
sion and co-formulation DNA vaccination strategies.

Example 6
Immunogenicity of Dual Antigen Vaccines

The following examples are provided to illustrate the
capability of dual antigen vaccines expressing two prostate
antigens to elicit antigen-specific T and B cell responses to
the two encoded prostate antigens.

6A. Immunogenicity of Dual Antigen Vaccines Contain-
ing PSMA and PSCA in C57BL/6:

Study Procedure.

Cellular Immune Response Study.

Female C57BL/6 mice were primed on day 0 and boosted
on days 14, 28, 42 and 70 with human PSMA and PSCA
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expressing DNA by PMED epidermal injection. In total, five
different dual antigen DNA vaccination strategies were
evaluated, which included four DNA vaccines that co-
expressed the antigens and one co-formulation approach.
For co-expression, single DNA vaccine plasmids encoding
two prostate antigens, PSMA and PSCA, linked by a dual
promoter, 2A peptides or IRES were administered. These
included PSMA-PSCA dual promoter (plasmid ID#460),
PSMA-T2A-PSCA (plasmid ID#451), PSCA-F2A-PSMA
(plasmid ID#454) and PSCA-IRES-PSMA (plasmid
1ID#603). For co-formulation, two different DNA plasmids,
each individually encoding PSMA and PSCA, were co-
formulated onto a single gold particle for PMED delivery.
With the exception of co-formulation, the DNA elements
that control co-expression (dual promoter, 2A and IRES)
differ in length, transgene expression efficiency and the
presence of foreign genetic material attached to the target
transgenes. As controls, C57BL/6 mice were vaccinated
with DNA expressing a single prostate antigen, PSMA or
PSCA. For the co-expressed dual or single antigen DNA
vaccines, a total dose of 2 ug of DNA vaccine was given per
PMED administration, whereas 2 pug of each DNA vaccine
plasmid (total of 4 ug of DNA per administration) was given
for the co-formulation. Cellular immune responses of the
dual and single antigen vaccines were measured by collect-
ing the spleens from each animal on day 77, seven days after
the final PMED vaccination. Splenocytes were isolated and
subjected to an IFN-y ELISPOT assay to measure the PSMA
and PSCA-specific T cell responses. Briefly, 2x10° spleno-
cytes from individual animals were plated per well with
5x10* per well of TRAMP-C2 cells expressing a single
endogenous human prostate antigen or PSMA, PSCA and
PSA together, or with individual or pools of human PSMA
and PSCA-specific peptides at 10 pg/ml (see Table 22 for
peptides and peptide pool composition), or medium alone as
a control. Each condition was performed in triplicate. The
plates were incubated for 20 h at 37° C. and 5% CO,,
washed and developed after incubation as per the manufac-
turer’s instructions. The number of IFN-y SFC was counted
by a CTL reader. The results are presented in FIGS. 15 and
16, which show the average number of PSMA or PSCA-
specific SFCs+/-the standard deviation of five mice per
group, normalized to 1x10° splenocytes.

Antibody Response Study.

Antibody responses against the dual and single antigen
vaccines were measured by collecting the serum from each
animal on day 77, seven days after the final PMED vacci-
nation. The anti-PSMA and anti-PSCA antibody titers in the
serum was determined using ELISA as described in
Example 5. The results are presented in FIGS. 17 and 18,
which show the average titers+/—the standard deviation of
five mice per group.

Serum was also subjected to a FACS assay to measure
antibody binding to either human PSMA or PSCA expressed
on the cell surface of appropriate cell lines, thus determining
whether antibodies generated by the multi-antigen vaccines
were capable of recognizing native PSMA and PSCA con-
formations, respectively. Antibody binding to cell-surface
native PSA was not measured because PSA was expressed as
a cytoplasmic protein by the multi-antigen vaccines inves-
tigated in this study. The FACS assay was conducted accord-
ing to procedure as described in Example 5. The results
presented in FIGS. 19 and 20, show the average fold-change
in MFI of the mouse serum over the secondary anti-mouse
antibody alone+/-the standard deviation of five mice per
group. Antibody titers and binding to cell-surface native
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PSA were not measured because PSA was expressed as a
cytoplasmic protein by the multi-antigen vaccines investi-
gated in this study.

Results.

FIGS. 15A-15C show the results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by IFN-y ELISPOT assay. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14,
28,42 and 70. On day 77, recognition of endogenous PSMA
and PSCA was assessed by examining T cell responses to
(A) TRAMP C2-PSMA, (B) TRAMP C2-PSCA and (C)
TRAMP C2-PSMA-PSA-PSCA cells by IFN-y ELISPOT
assay. The TRAMP C2 cells served as a background control
for the assay. For IFN-y T cell responses to endogenous
PSMA, the magnitude of the response TRAMP C2-PSMA
was significantly decreased following vaccination with
PSMA-PSCA dual promoter, PSMA-T2A-PSCA, PSCA-
IRES-PSMA and co-formulated PSMA PSCA compared to
vaccination with PSMA alone (** and *** indicate p-values
<0.01 and <0.001, respectively, by two-way ANOVA).
However, the PSCA-F2A-PSMA vaccine construct elicited
a similar magnitude IFN-y T cell response to the TRAMP
C2-PSMA cells as the single PSMA vaccine. For IFN-y T
cell responses to endogenous PSCA, significantly increased
responses were observed following vaccination with several
of the dual antigen vaccines, including PSMA-PSCA dual
promoter, PSCA-F2A-PSMA, PSCA-IRES-PSMA and co-
formulated PSMA PSCA compared to the PSCA vaccine
alone (*, ** and *** indicate p-values of <0.05, 0.01 and
0.001, respectively, by two-way ANOVA). The PSCA-T2A-
PSMA vaccine construct elicited a similar magnitude IFN-y
T cell response to the TRAMP C2-PSCA cells as the single
PSCA vaccine. Comparing the IFN-y T cell responses to
TRAMP C2-PSMA-PSA-PSCA, there were no significant
differences between the groups vaccinated with different
dual antigen vaccines. Taken together, these data demon-
strate generation of PSMA and PSCA-specific T cell
responses following dual antigen vaccination, using both
co-expression and co-formulation DNA vaccination strate-
gies.

FIGS. 16 A-16C show the results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by IFN-y ELISPOT assay. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14,
28, 42 and 70. On day 77, T cell responses to (A) PSMA
peptides, (B) PSMA peptide pools and (C) PSCA peptides
(see Table 22) were assessed by IFN-y ELISPOT assay.
Medium alone served as a background control for the assay.
For IFN-y T cell responses to both the individual and pools
of PSMA peptides, the highest magnitude responses com-
pared to the single PSMA vaccine were observed following
the PSMA-T2A-PSCA and PSCA-F2A-PSMA dual antigen
vaccinations. A significant reduction in the IFN-y T cell
response to the individual PSMA peptides was observed
following vaccination with PSMA-PSCA dual promoter,
PSCA-IRES-PSMA and co-formulated PSMA PSCA. The
IFN-y T cell response to the PSCA-specific peptide was
similar between the groups vaccinated with the different
dual antigen vaccines. These data also demonstrate genera-
tion of T cell responses to both PSMA and PSCA when
co-expressed on the same DNA vaccine construct, or deliv-
ered as a co-formulation.

FIG. 17 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSMA antibody titers. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14,
28, 42 and 70. On day 77, serum anti-PSMA antibody titers



US 9,468,672 B2

77

were assessed by ELISA. All animals vaccinated with
PSMA generated significant anti-PSMA antibody titers.
Mice vaccinated with the dual vaccine construct, PSCA-
F2A-PSMA, and the single PSMA vaccine generated sig-
nificantly higher antibody titers compared to all other groups
of mice vaccinated with PSMA (one-way ANOVA, p-value
<0.05). Vaccination with PSMA-PSCA dual promoter and
co-formulated PSMA and PSCA resulted in higher antibody
titers compared to mice that received the PSMA-T2A-PSCA
vaccine. Taken together, these data demonstrate generation
of anti-PSMA-specific antibodies following dual antigen
DNA vaccination with PSMA and PSCA, using both co-
expression and co-formulation vaccination strategies.

FIG. 18 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSCA antibody titers. Briefly, 5 mice per group were
primed on day 0 and boosted with PMED on days 14, 28, 42
and 70. On day 77, serum anti-PSCA antibody titers were
assessed by ELISA. Mice vaccinated with the co-formulated
PSMA and PSCA, and the single PSCA vaccine generated
significantly higher antibody titers compared to all other
groups of mice vaccinated with PSCA (one-way ANOVA).
Vaccination with PSMA-PSCA dual promoter resulted in
higher antibody titers compared to vaccination with PSMA-
T2A-PSCA, PSCA-F2A-PSMA and PSCA-IRES-PSMA.
These results indicate that co-expression or co-formulation
of PSMA and PSCA elicits anti-PSCA antibodies.

FIG. 19 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSMA antibody cell-surface binding. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28, 42 and 70. On day 77, recognition of cell-
surface native PSMA was assessed by serum antibody
binding to LNCaP and PC3 cells. The PC3 cells served as a
background control for the assay. With the exception of the
single PSCA vaccine, all vaccine regimens with PSMA
resulted in significant anti-PSMA antibody binding to
LNCaP cells compared to the control PC3 cells. There were
no significant differences in the anti-PSMA antibody binding
to LNCaP cells between the PSMA-vaccinated groups (one-
way ANOVA, p-value >0.05). The fold change over sec-
ondary antibody alone for the J591-A mAb was 45.3 (data
not shown). These data demonstrate generation of anti-
PSMA-specific antibodies that recognized native PSMA
following dual antigen DNA vaccination, using both co-
expression and co-formulation vaccination strategies.

FIG. 20 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSCA antibody cell-surface binding. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28, 42 and 70. On day 77, recognition of cell-
surface native PSCA was assessed by serum antibody bind-
ing to Ad-PSCA transduced and untransduced MIA-PaCa-2
cells. The untransduced, parental cells served as a back-
ground control for the assay. With the exception of the single
PSMA vaccine, all vaccine regimens with PSCA resulted in
significant anti-PSCA antibody binding to Ad-PSCA trans-
duced MIA-PaCa-2 cells compared to the control cells.
There were no significant differences in the anti-PSCA
antibody binding to Ad-PSCA transduced MIA-PaCa-2 cells
between the PSCA-vaccinated groups (one-way ANOVA,
p-value >0.05). The fold change over secondary antibody
alone for the 7F5 mAb was 18.7 (data not shown). Overall,
these data demonstrate generation of anti-PSCA-specific
antibodies that recognized native PSCA following dual
antigen DNA vaccination, using both co-expression and
co-formulation vaccination strategies.
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6B. Immunogenicity of Dual Antigen Vaccines Contain-
ing Either PSMA and PSA or PSCA and PSA in C57BL/6

Study Procedure.

Cellular Immune Response Study.

Female C57BL/6 mice were primed on day 0 and boosted
on days 14 and 28 with human PSMA, PSCA and PSA
expressing DNA by PMED epidermal injection. In total,
four different dual antigen vaccines strategies were evalu-
ated, which included two co-expression approaches and two
co-formulation strategies. For co-expression, a single DNA
plasmid encoding two prostate antigens, PSMA and PSA
linked a 2A peptide (plasmid ID#5300) or PSCA and PSA
linked by IRES (plasmid ID#455) were administered. For
co-formulation, plasmids individually encoding PSMA,
PSCA or PSA were co-formulated onto a single gold particle
for PMED delivery. Specifically, these included PSMA and
PSA co-formulated and PSCA and PSA co-formulated. As
controls, C57BL/6 mice were vaccinated with DNA express-
ing a single prostate antigen, PSMA, PSCA or PSA. For the
co-expressed dual or single antigen vaccines, a dose 2 pg of
DNA was given per PMED administration, whereas 2 pug of
each DNA vaccine plasmid (total of 4 pg of DNA per
administration) was given for the co-formulation. Cellular
immune responses of the dual and single antigen vaccines
were measured by collecting the spleens from each animal
on day 35. Splenocytes were isolated and subjected to an
IFN-y ELISPOT assay to measure the PSMA, PSCA and
PSA-specific T cell responses. Briefly, 2x10° splenocytes
from individual animals were plated per well with 5x10* per
well of TRAMP-C2 cells expressing a single endogenous
human prostate antigen or PSMA, PSCA and PSA together,
or with individual or pools of human PSMA, PSCA and
PSA-specific peptides at 10 ug/ml (see Table 22 for peptides
and peptide pool composition), or medium alone as a
control. Each condition was performed in triplicate. The
plates were incubated for 20 h at 37° C. and 5% CO,,
washed and developed after incubation as per manufactur-
er’s instructions. The number of IFN-y SFC was counted by
a CTL reader. The results are presented in FIGS. 21 and 22,
which show the average number of PSMA, PSCA and
PSA-specific SFCs+/-the standard deviation of five mice
per group, normalized to 1x10° splenocytes.

Antibody Response Study.

Female C57BL/6 mice were primed on day 0 and boosted
on days 14, 28 and 49 with human PSMA, PSCA and PSA
expressing DNA by PMED. Antibody responses against the
dual and single antigen vaccines were measured by collect-
ing the serum from each animal on day 56, seven days after
the final PMED vaccination. The anti-PSMA and anti-PSCA
antibody titers in the serum was determined using ELISA
assay as described in Example 5. The results are presented
in FIGS. 23 and 24, which show the average titers+/-the
standard deviation of five mice per group.

Serum was also subjected to a FACS assay to measure
antibody binding to either human PSMA or PSCA expressed
on the cell surface of appropriate cell lines, thus determining
whether antibodies generated by the multi-antigen vaccines
were capable of recognizing native PSMA and PSCA con-
formations, respectively. Antibody binding to cell-surface
native PSA was not measured because PSA was expressed as
a cytoplasmic protein by the multi-antigen vaccines inves-
tigated in this study. The FACS assay was conducted accord-
ing to the procedure as described in Example 5. The results
are presented in FIGS. 25 and 26, which show the average
fold change in MFI of the mouse serum over the secondary
anti-mouse antibody alone+/-the standard deviation of five
mice per group. Antibody titers and binding to cell-surface
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native PSA were not measured because PSA was expressed
as a cytoplasmic protein by the multi-antigen vaccines
investigated in this study.

Results.

FIGS. 21A-21D show the results of a representative study
that evaluates the immunogenicity of the dual antigen vac-
cines by IFN-y ELISPOT assay. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14
and 28. On day 35, recognition of endogenous PSMA,
PSCA and PSA was assessed by examining T cell responses
to (A) TRAMP C2-PSMA, (B) TRAMP C2-PSCA, (C)
TRAMP C2-PSA and (D) TRAMP C2-PSMA-PSA-PSCA
cells by IFN-y ELISPOT assay. The TRAMP C2 cells served
as a background control for the assay. For IFN-y T cell
responses to endogenously expressed PSMA on cells, no
significant differences were observed between responses to
TRAMP C2-PSMA following vaccination with dual anti-
gens containing PSMA (PSA-F2A-PSMA and co-formu-
lated PSMA and PSA) and PSMA alone. Likewise, for [FN-y
T cell responses to endogenous PSCA, there were no
observed differences in response magnitude to TRAMP
C2-PSCA between the dual PSCA-IRES-PSA and co-for-
mulated PSCA and PSA vaccines compared to the single
PSCA vaccine. For IFN-y T cell responses to endogenous
PSA, a significant increase in the response magnitude to
TRAMP C2-PSA was detected when comparing the immu-
nogenicity of the single PSA vaccine to either PSA-F2A-
PSMA (*** indicates p<0.001 by two-way ANOVA) and
co-formulated PSMA and PSA (** indicates p<0.01 by
two-way ANOVA). There were no observed differences in
response magnitude to TRAMP C2-PSA when comparing
animals that received the dual PSCA and PSA vaccines to
the single PSA vaccine. When examining the IFN-y T cell
response to TRAMP C2-PSMA-PSA-PSCA, there were no
significant differences in the response between the groups
vaccinated with different dual antigen vaccines. Taken
together, these data demonstrate the generation of PSMA
and PSA-specific T cell responses, as well as PSCA and
PSA-specific T cell responses following dual antigen DNA
vaccination, using both co-expression and co-formulation
vaccine strategies.

FIG. 22 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSMA antibody titers. Briefly, 5 mice per group
were primed on day 0 and boosted with PMED on days 14,
28 and 49. On day 56, serum anti-PSMA antibody titers were
assessed by ELISA. All animals vaccinated with PSMA
generated significant anti-PSMA antibody titers. There was
no significant difference in the antibody titers between mice
vaccinated with PSA-F2A-PSMA, co-formulated PSMA
and PSA, and PSMA alone (one-way ANOVA, p-value
>0.05). Taken together, these data demonstrate the genera-
tion of anti-PSMA-specific antibodies following dual anti-
gen DNA vaccination with PSMA and PSA, using both
co-expression and co-formulation vaccine strategies.

FIG. 23 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSCA antibody titers. Briefly, 5 mice per group were
primed on day 0 and boosted with PMED on days 14, 28 and
49. On day 56, serum anti-PSCA antibody titers were
assessed by ELISA. All animals vaccinated with PSCA
generated significant anti-PSCA antibody titers. There was
no significant difference in the antibody titers between mice
vaccinated with PSCA-IRES-PSA, co-formulated PSCA
and PSA, and PSCA alone (one-way ANOVA, p-value
>0.05), although the antibody titers generated following
PSCA-IRES-PSA vaccination trended lower than the other
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groups vaccinated with PSCA. These results indicate that
co-expression or co-formulation of PSCA and PSA elicits
anti-PSCA antibodies.

FIG. 24 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSMA antibody cell-surface binding. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28 and 49. On day 56, recognition of cell-surface
native PSMA was assessed by serum antibody binding to
LNCaP and PC3 cells. The PC3 cells served as a background
control for the assay. There were no significant differences
in the anti-PSMA antibody binding to LNCaP cells between
the PSMA-vaccinated groups (one-way ANOVA, p-value
>0.05). The fold change over secondary antibody alone for
the J591-A mAb was 45.3 (data not shown). Overall, these
data demonstrate the generation of anti-PSMA-specific anti-
bodies that recognized native PSMA following dual antigen
vaccination, using both co-expression and co-formulation
vaccine strategies.

FIG. 25 shows the results of a representative study that
evaluates the immunogenicity of the dual antigen vaccines
by anti-PSCA antibody cell-surface binding. Briefly, 5 mice
per group were primed on day 0 and boosted with PMED on
days 14, 28 and 49. On day 56, recognition of cell-surface
native PSCA was assessed by serum antibody binding to
Ad-PSCA transduced and untransduced MIA-PaCa-2 cells.
The untransduced, parental cells served as a background
control for the assay. All groups of mice vaccinated with
PSCA demonstrated very low anti-PSCA antibody binding
to Ad-PSCA transduced MIA-PaCa-2 cells. PSCA-IRES-
PSA vaccination resulted in significantly decreased binding
to Ad-PSCA transduced MIA-PaCa-2 cells compared to
mice vaccinated with PSCA alone (* indicates p<0.05 by
one-way ANOVA). Taken together, these data demonstrate
that co-expression or co-formulation of PSCA and PSA
results in very low recognition of native PSCA by anti-
PSCA-specific antibodies.

Example 7

Immunogenicity of the Human Psma Modified
Antigen

Study Design.

The immune responses induced by DNA vaccination
using a construct encoding an immunogenic PSMA poly-
peptide (the “human PSMA modified antigen” or “hPSMA
modified”) consisting 15-750 amino acids (aa) of the native
human PSMA protein of SEQ ID NO: 1 were compared with
those induced by the native human full-length PSMA protein
(hPSMA full length). Groups of female C57BL/6 mice or
female Pasteur (HLA-A2/DR1) transgenic mice were
primed on day O and boosted on days 14, 28 by PMED
administration with a 2 pug dose of a DNA vaccine encoding
either hAPSMA full-length or hPSMA modified protein. Mice
were bled and sacrificed on day 35 (7 days after the third
vaccination) and T cell immune responses against the
hPSMA full-length protein were determined in splenocytes
by IFN-y ELISPOT assay. For C57BL/6 mice, single cell
suspensions of 5x10° splenocytes from individual animals
were plated per well with 10 pg purified hPSMA protein,
5x10* TRAMP-C2 cells alone, or TRAMP-C2 cells express-
ing hPSMA or a PSMA-PSA-PSCA fusion protein. For
Pasteur (HLA-A2/DR1) transgenic mice, single cell suspen-
sions of 5x10° splenocytes from individual animals were
plated per well with 5x10* K562 cells expressing human
HLA-A2 that had been pulsed with known HLA-A2-re-



US 9,468,672 B2

81

stricted CD8* T cell epitopes derived from the human
PSMA protein sequence (Table 23). Responses in Pasteur
mice were also determined using 10 pug/ml purified PSMA
protein or 5x10* SK-Mel5 cells that had been transduced
with Adenoviral vectors expressing a control protein (Ad-
eGFP) or the full-length human PSMA protein (Ad-
hPSMA). Each condition was performed in triplicate. The
plates were incubated for 20 h at 37° C. and 5% CO,,
washed and developed after incubation as per the manufac-
turer’s instruction. The number of IFN-y SFC was counted
by a CTL reader. The results are presented in FIGS. 19 and
20, which show the average number of PSMA-specific
SFC/million splenocytes+/—-the standard deviation per
group.

ELISA Assay.

Antibody responses induced by the modified and full-
length PSMA vaccines were measured in serum from each
animal collected on day 35. Serum from was subjected to
ELISA to determine the anti-PSMA antibody titers in the
serum was determined using the ELISA assay as described
in Example 5. The results are presented in FIG. 26, which
shows the average titers+/—the standard deviation of the
number of mice per group.

FACS Assay.

Serum was also subjected to a FACS assay to measure
antibody binding to either human PSMA expressed on the
cell surface of appropriate cell lines, thus determining
whether antibodies generated by the modified and full-
length PSMA vaccines were capable of recognizing native
PSMA conformation. The FACS assay was conducted
according to the procedure as described in Example 5. The
results are presented in FIG. 29, which show the average
fold change in MFI of the mouse serum over the secondary
anti-mouse antibody alone+/-the standard deviation of the
number of mice per group.

TABLE 23

HLA-A?2 restricted peptide epitopes tested in the assays conducted for
the Pasteur (HLA-A2/DR1) transgenic mice. Peptides were tested
individually at a concentration of 10 pg/ml. The amino acid position of the
N and C-terminal end of each peptide is indicated.

Prostate antigen  Peptides  Purpose
hHer2 106-114  HLA-A2-restricted control peptide derived
from the human Her2 protein
PSMA 168-177  HLA-A2-restricted PSMA test peptide
PSMA 663-671 HLA-A2-restricted PSMA test peptide
PSMA 275-289  HLA-A2-restricted PSMA test peptide
Results.

FIG. 26 shows the results of a representative study to
evaluate the T cell immune response elicited by the human
PSMA modified (aa 15-750) versus full-length human
PSMA (aa 1-750) in C57BL/6 mice determined by IFN-y
ELISPOT assay. Five (5) mice per group were primed on
day 0 and boosted PMED with DNA vaccines expressing
hPSMA modified or hPSMA full-length proteins on days 14
and 28. On day 35, the response elicited against the hPSMA
full-length protein were compared by determining T cell
responses to TRAMP C2-PSMA or purified human PSMA
ECD protein (referred to Purified hPSMA protein in FIG.
26) by IFNy ELISPOT assay. TRAMP C2 cells served as a
background control for the assay. The magnitude of the
IFN-y T cell responses elicited to TRAMP C2-PSMA or
purified hPSMA protein were not significantly different
(two-way ANOVA, p-value >0.05) between groups. These
results indicate that the DNA vaccines expressing hPSMA
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modified and hPSMA full-length proteins elicit equivalent T
cell immune responses in C57BL/6 mice.

FIGS. 27A and 27B show the results of a representative
study to evaluate the T cell immune response of human
PSMA modified antigen (aa 15-750) versus full-length
human PSMA antigen (aa 1-750) in Pasteur (HLA-A2/DR1)
transgenic mice by IFN-y ELISPOT assay. Ten (10) mice per
group were primed on day 0 and boosted PMED with DNA
vaccines encoding hPSMA modified or hPSMA full-length
protein on days 14 and 28. On day 35, the T cell response
elicited against the hPSMA full-length protein was deter-
mined by IFN-ELISPOT assay using (A) PSMA derived
HLA-A2-restricted peptides representing known CDS8*
epitopes and (B) SK-Mel5 cells transduced with Ad-hPSMA
or purified hPSMA full-length protein. The hHER2 106
peptide and SK-MelS Ad-eGFP served as negative controls
in the assays. The hPSMA modified vaccine elicited the
highest magnitude of IFN-y T cell immune responses to the
HLA-A2-restricted CD8* T cell epitopes, although the dif-
ference between groups was not significant (two-way
ANOVA, p-value >0.05). Similarly, the hPSMA modified
vaccine elicited the highest magnitude of immune response
against the SK-Mel5 cells transduced with Ad-hPSMA and
significantly (two-way ANOVA, p-value >0.05) higher fre-
quencies of IFN-y SFC to the purified hPSMA protein. These
results demonstrate that the DNA vaccine expressing the
hPSMA modified protein is more potent in inducing T cell
responses to the hPSMA protein than the hPSMA full-length
protein in Pasteur (HLA-A2/DR1) transgenic mice.

FIG. 28 shows the results of a representative study that
evaluates the immunogenicity of the human modified and
full-length PSMA vaccines by anti-PSMA antibody titers.
Briefly, mice were primed on day 0 and boosted with PMED
on days 14 and 28. Nine Pasteur mice were vaccinated with
modified PSMA, 10 Pasteur mice were vaccinated with
full-length PSMA, and 5 C57BL/6 mice per group were
vaccinated with either modified or full-length PSMA. On
day 35, serum anti-PSMA antibody titers were assessed by
ELISA. As expected, C57BL/6 mice generated significantly
greater anti-PSMA antibody titers compared to Pasteur mice
(one-way ANOVA). Comparing antibody titers between the
same strains of mice, there was no significant difference in
the antibody titers between mice vaccinated with modified
and full-length PSMA (one-way ANOVA, p-value >0.05).
Overall, these results demonstrate that vaccination with the
full-length version of human PSMA generates an equivalent
anti-PSMA antibody titer compared to the human modified
PSMA vaccine.

FIG. 29 shows the results of a representative study that
evaluates the immunogenicity of the human modified and
full-length PSMA vaccines by anti-PSMA antibody cell-
surface binding. Briefly, 5 C57BL/6 mice per group were
primed on day 0 and boosted with PMED on days 14 and 28.
On day 35, recognition of cell-surface native PSMA was
assessed by serum antibody binding to LNCaP and PC3
cells. The PC3 cells served as a background control for the
assay. There were no significant differences in the anti-
PSMA antibody binding to LNCaP cells between mice
vaccinated with modified or full-length PSMA (one-way
ANOVA, p-value >0.05). The fold change over secondary
antibody alone for the J591-A mAb was 14.3 (data not
shown). Overall, these data demonstrate that it is feasible to
generate anti-PSMA-specific antibodies that recognized
native PSMA following either modified or full-length
PSMA vaccination.
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Example 8

Effect of Anti-CTLA-4 Antibody on
Vaccine-Induced Immune Response

The effect of local administration of anti-CTLA-4 mono-
clonal antibody (CP-675, 206) on the immune responses
induced by a human PSMA nucleic acid molecule provided
by the invention was investigated in a monkey study, in
which the immune response was assessed by measuring
PSMA specific T cell responses using an IFNy ELISPOT
assay.

Animal Treatment and Sample Collection.

Three groups of male Indian rhesus macaques, five to six
(#1 to 5 or 6) per each test group, were immunized with a
nucleic acid (SEQ ID NO: 10) that encodes a human PSMA
modified antigen (SEQ ID NO: 9) delivered by adenovirus
(lell V.P. injected intramuscularly) followed by 2 DNA
immunizations (8 actuations/immunization, 4 actuations per
each right and left side of the lower abdomen) by PMED
with 6 and 9 week intervals respectively. Animals in Groups
2 and 3 additionally received bilateral intradermal injections
of 3 mg of CpG (PF-03512676) subsequently after the
PMED immunization in proximity to each inguinal draining
lymph node. Group 2 also received intravenous injections of
anti-CTLA-4 monoclonal antibody (CP-675, 206) at 10
mg/kg and group 3 received intradermal injections of anti-
CTLA-4 monoclonal antibody (CP-675, 206) at 5 mg/kg in
proximity to each left and right inguinal vaccine draining
lymph node at the time of the second PMED immunization.

Peripheral blood samples were collected from each ani-
mal sixteen days after the last PMED immunization. Periph-
eral blood mononuclear cells (PBMCs) were isolated from
the samples and were subjected to an IFNy ELISPOT assay
to measure the PSMA specific T cell responses. Briefly, 4e5
PBMCs from individual animals were plated per well with
pools of PSMA specific peptides each at 2 ug/ml hPSMA
ECD protein at 10 ug/ml, rhesus PSMA ECD protein at 10
ug/ml or nonspecific control peptides (human HER2 peptide
pool) each at 2 ug/ml in IFNy ELISPOT plates. The com-
position of each of the PSMA specific peptide pools is
provided in Table 24 A. The plates were incubated for 16 hrs
at 37° C. and 5% CO2 and washed and developed after
incubation as per manufacturer’s instruction. The number of
IFNy spot forming cells (SFC) were counted by CTL reader.
Each condition was performed in duplicates. The results are

20

40

45

84

presented in Table 24B, which shows the average number of
the PSMA specific SFC from the triplicates subtracting the
average number of SFC from the nonspecific control pep-
tides normalized to 1e6 PBMCs. A indicates that the count
is not accurate because the numbers of spots were too
numerous to count.

IFNy ELISPOT Assay Procedure.

A capture antibody specific to IFNy (BD Bioscience,
#51-2525ke) is coated onto a polyvinylidene fluoride
(PVDF) membrane in a microplate overnight at 4° C. The
plate is blocked with serum/protein to prevent nonspecific
binding to the antibody. After blocking, effector cells (such
as splenocytes isolated from immunized mice or PBMCs
isolated from rhesus macaques) and targets (such as PSMA
peptides from peptide library, target cells pulsed with anti-
gen specific peptides or tumor cells expressing the relevant
antigens) are added to the wells and incubated overnight at
37° C. in a 5% CO, incubator. Cytokine secreted by effector
cells are captured by the coating antibody on the surface of
the PVDF membrane. After removing the cells and culture
media, 100 ul of a biotinylated polyclonal anti-humanlFNy
antibody was added to each of the wells for detection. The
spots are visualized by adding streptavidin-horseradish per-
oxidase and the precipitate substrate, 3-amino-9-ethylcarba-
zole (AEC), to yield a red color spot as per manufacturer’s
(Mabtech) protocol. Each spot represents a single cytokine
producing T cell.

Results.

Table 24B. shows the results of a representative IFNy
ELISPOT assay that evaluates and compares the T cell
responses induced by the vaccine without (group 1) or with
anti-CTLA-4 monoclonal antibody (CP-675, 206) given
either systemically by intravenous injections (group 2) or
locally by intradermal injections in proximity to the vaccine
draining lymph node (group 3). As shown in Table 1B,
PSMA vaccine induced measurable IFNy T cell responses to
multiple PSMA specific peptides and proteins in the absence
of CpG (PF-03512676) and anti-CTL.A-4 monoclonal anti-
body (CP-675, 206). The responses were modestly enhanced
by the addition of CpG (PF-03512676) and systemic deliv-
ery of the anti-CTLA-4 antibody (CP-675, 206; group 2).
However, a more potent and significant enhancement of the
response to multiple PSMA peptides and PSMA protein was
observed when the anti-CTLA-4 monoclonal antibody (CP-
675, 206) was delivered locally by intradermal injections in
proximity to the vaccine draining lymph node (group 3).

TABLE 24A

PSMA peptide pools: Each peptide pool (i.e., P1, P2, P3, H1, H2, R1, and R2)
is composed of 15mer peptides from either human PSMA protein (hPMSA
protein) or rhesus PSMA protein ({PMSA protein) sequences as indicated below.
The amino acid position of the N and C-terminal end of each peptide is indicated.

P1 P2 P3 H1 H2 R1 R2

h1-15 h 249-263 h 449-463 h 33-47 h 465-479 r 33-47 1 465-479
h 5-19 h 253-267 h 453-467 h 37-51 h 469-483 r37-51 1 469-483
h9-23 h 257-271 h 457-471 h 41-55 h 473-487 r41-55 1 473-487
h 13-27 h 261-275 h 485-499 h 45-59 h 477-491 r45-59 1 477-491
h17-31 h 265-279 h 489-503 h 61-75 h 481-495 r 61-75 1 481-495
h 21-35 h 269-283 h 493-507 h 65-79 h 537-551 r 65-79 r 537-551
h 25-39 h 273-287 h 497-511 h 69-83 h 541-555 1 69-83 r 541-555
h 29-43 h 277-291 h 501-515 h 73-87 h 545-559 r 73-87 r 545-559
h 49-63 h 281-295 h 505-519 h97-111  h 577-591 r97-111  r 577-591
h 53-67 h 285-299 h 509-523 h 101-115 h 581-395 r101-115 r 581-595
h 57-71 h 289-303 h 513-327 h 105-119 h 585-599 r105-119 r 585-599
h 77-91 h 293-307 h 517-331 h 109-123 h 589-603 r 109-123 r 589-603
h 81-95 h 297-311 h 521-335 h 137-151 h 601-615 r137-151 r 601-615
h 85-99 h 317-331 h 525-339 h 141-155 h 605-619 r 141-155 r 605-619
h 89-103 h 321-335 h 529-343 h 145-159 h 609-623 r 145-159 r 609-623
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PSMA peptide pools: Each peptide pool (i.e., P1, P2, P3, H1, H2, R1, and R2)
is composed of 15mer peptides from either human PSMA protein (hPMSA
protein) or rhesus PSMA protein (rfPMSA protein) sequences as indicated below.

The amino acid position of the N and C-terminal end of each peptide is indicated.

P1 P2 P3 H1 H2 R1 R2
h 93-107 h 325-339 h 533-547 h 149-163 h 613-627 r 149-163 r 613-627
h 113-127 h 329-343 h 549-563 h 209-223 h 637-651 r209-223 r 637-651
h 117-131 h 333-347 h 553-567 h 213-227 h 641-655 r213-227 r 641-655
h 121-135 h 353-367 h 557-571 h 217-231 h 645-659 r217-231 r 645-659
h 125-139 h 357-371 h 561-575 h 221-235 h 649-663 r221-235 r 649-663
h 129-143 h 361-375 h 565-579 h 301-315 h 653-667 r301-315 r 653-667
h 133-147 h 365-379 h 569-583 h 305-319 h 657-671 r305-319 r 657-671
h 153-167 h 369-383 h 573-587 h 309-323 h 709-723 r309-323 r 709-723
h 157-171 h 373-387 h 593-607 h 313-327 h 713-727 r313-327 r 713-727
h 161-175 h 377-391 h 597-611 h 337-351 h 717-731 r337-351 r 717-731
h 165-179 h 381-395 h 617-631 h 341-355 h 721-735 r341-355 r 721-735
h 169-183 h 385-399 h 621-635 h 345-359 h 725-739 r 345-359 r 725-739
h 173-187 h 389-403 h 625-639 h 349-363 h 729-743 r 349-363 r 729-743
h 177-191 h 393-407 h 629-643 h 461-475 h 733-747 r461-475 r 733-747
h 181-195 h 397-411 h 633-647
h 185-199 h 401-415 h 661-675
h 189-203 h 405-419 h 665-679
h 193-207 h 409-423  h 669-683
h 197-211 h 413-427 h 673-687
h 201-215 h 417-431 h 677-691
h 205-219 h 421-435 h 681-695
h 225-239 h 425-439 h 685-699
h 229-243 h 429-443 h 689-703
h 233-247 h 433-447 h 693-707
h 237-251 h 437-451 h 697-711
h 241-255 h 441-455 h 701-715
h 245-259 h 445-459 h 705-719
h 737-750
TABLE 24B
T cell responses induced by the vaccine without (Group 1) or with anti-
CTLA-4 antibody Tremelimumab (CP-675, 206) given systemically by
intravenous injections (Group 2) or local intradermal injections (Group 3).
recall antigen

animal hPSMA PSMA
Group D P1 P2 P3 H1 H2 protein Rl R2  protein
1. #1 7.5 62.5 0.0 210.0 172.5 455.0 3.8 1.3 0.0
no #2 11.3 48.8 0.0 17.5 146.3 111.3 0.0 3.8 0.0
immune #3 125 3425 138 115.0 5175 705.0 12.5 40.0 138.8
modulator #4 6.3 23.8 0.0 211.3 38.8 45.0 5.0 7.5 7.5

#5 0.0 16.3 0.0 0.0 52.5 45.0 0.0 0.0 0.0

#6 6.3 4425 213 42.5 238.8 736.3 11.3 8.8 93.8
2. #1 23.8 57.5 1.3 71.3 292.5 278.8 6.3 6.3 0.0
with #2 0.0 61.3 0.0 2.5 108.8 78.8 0.0 6.3 3.8
aCTLA4  #3 58.8 41.3 7.5 1063.8 82.5 11975 225 7.5 1.3
Iv) #4 25.0 3188 275 147.5 983.8 1046.3 263 863 25

#5 15.0 3125 5.0 402.5 573.8 707.5 975 250 20.0
3. #1 48.8 12363 388  405.0 12363 1236.8 218.8 4900 1120.0
with #2 113.8 9463 175 293.8 12475 12475 1625 863 5.0
aCTLA4  #3 163 12488 6.3 4650 12488 12488 1875 2950 113
(ID) #4 6.3 8288 6.3 10063 1247.5° 1247.5 1425 300 17.5

#5 1525 5663 188 757.5 1173.8 1242.5 2875 575 110.0

Example 9 Animal Treatment and Sample Collection.

Systemic Exposure of CTLA-4 Antibody after
Administration in Monkeys

The blood levels of anti-CTLA-4 antibody Tremelim-

umab (CP675206) were investigated in Indian Rhesus 5

macaques after the antibody was administered by intrader-
mal or intravenous injections.

Three animals per treatment group were injected with the
anti-CTLA-4 antibody Tremelimumab at 10 mg/kg, either

60 with a single intravenous injection into the saphenous vein
or multiple 0.2 ml intradermal bilateral injections in the
upper thigh in proximity to the inguinal draining lymph
nodes. Blood samples were collected at 0, 1, 2, 4, 8, 12, 24,
and 48 hrs post injection into 2.0 ml vaccutainer tubes
containing lithium heparin as the anticoagulant. Plasma was
collected from the supernatant in the vaccutainer tubes after
centrifugation at 1500xg at 4° C. for 10 min. The levels of
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Tremelimumab in the plasma was measured by a quantita-
tive ELISA assay according to the procedure provided
below.

Tremelimumab Quantitative ELISA Assay Procedure.

The 384-well high bind assay plates (VWR-Greiner Bio-
One Cat#82051-264) were coated with 25 pl/well of CD-152
(CTLA-4; Ancell Immunology Research Products Cat#501-
020) at 1.0 pg/ml in 100 mM carbonate-bicarbonate coating
buffer and incubated overnight at 4° C. Plates were washed
x6 with 1xPBS-Tween (0.01M PBS pH 7.4/0.05% Tween
20) and blocked using 40 pl/well of 5% FBS/1xPBS-Tween
and incubated shaking at 600 rpm RT for 1 hour. Standards
were prepared by making the following dilutions of Treme-
limumab: 200, 67, 22, 7.4, 2.5, 0.82, 0.27, 0.09 and 0.03
ng/ml.. The samples were diluted to 1:100, 1:1,000 and
1:10,000. The diluent consisted of 1% naive cynomolgus
macaque sera and 5% FBS in 1xPBS-Tween (0.01M PBS
pH 7.4/0.05% Tween 20). 25 pl/well of each standard,
sample and diluent control were transtferred in duplicate into
the plate and incubated shaking at 600 rpm RT for 1 hour.
After washing x6 with 1xPBS-Tween, 25 pl./well of sec-
ondary antibody (goat anti-human IgG HRP, Southern Bio-
tech Cat#9042-05) at a 1:5,000 dilution with 1xPBS-Tween
was added and then incubated shaking at 600 rpm room
temperature for 1 hour. After washing x6 with 1xPBS-
Tween, 25 ul/well of TMB Peroxidase EIA-Substrate (solu-
tion A+B) (Bio-Rad Cat#172-1067) were added and the
plates were incubated at RT for 4 minutes. The colorimetric
reaction was stopped by addition of 12.5 pl/well 1N Sul-
furic acid and the absorbance then read at 450 nm. The
amount of Tremelimumab in each sample was quantified
using the standard curve with 0.27 to 67 ng/mL used as the
quantitative range.

Results.

The plasma anti-CTLA-4 levels from a representative
study are presented in FIG. 30. As shown, intradermal
injection of the anti-CTL.A-4 antibody Tremelimumab dis-
plays a slower release kinetics of the antibody in the blood
and a lower systemic exposure (AUC,,_,,~4.9x10° ng-hr/ml)
profile than intravenous injections (AUC,_,,=7.2x10° ng-hr/
ml).

Example 10

Effect of Anti-CTLA-4 Antibody on
Vaccine-Induced Immune Responses in Mice

Study Procedure.

Female BALB/c mice, 6 per group, were primed and
boosted with rHer-2 expressing DNA by PMED separated
by a four week interval. 150 pg of the monoclonal antibody
specific to mouse CTLA-4 (clone 9HI10, Bioxcell or
#BEO0131) or isotype control monoclonal antibodies (Biox-
cell #BE0091) was administered on the days of PMED
actuation and 100 pg on the days after PMED by local
intradermal or systemic intraperitoneal injections as indi-
cated in the legends. The polyfunctional (multi-cytokine
positive) T cell immune responses were measured from
splenocytes isolated from individual mice 7 days after the
last PMED immunizations by ICS assay. After a 5 hr
stimulation with a vaccine specific epitope peptide (rHer-2
specific antigen specific CD8 (p66), CD4 (p169) epitope or
irrelevant peptide HBV (core antigen p87)) at 10 pg/ml, the
splenocytes were first stained for CD4, CD3 and CD8 which
was followed by permeabilization and staining for IFNa,
TNFa and IL-2 expression that was analyzed by flow
cytometry. The total number of antigen specific single,
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double or triple cytokine positive T cells per total spleen of
each animal is calculated by subtracting the responses to the
irrelevant peptide HBV from the vaccine specific responses
and normalized by the total number of splenocytes isolated
per spleen.

Results.

FIGS. 31A and 31B show the results of a representative
study that evaluates the immunomodulatory activity of anti-
CTLA-4 monoclonal antibody (clone 9H10) on the quality
of the vaccine induced immune responses by intracellular
cytokine staining assay. Seven days after the last PMED,
significant increases in antigen specific single and double
cytokine positive CD8 T cell responses by the local intrad-
ermal delivery of anti-CTLA-4 and double and triple
cytokine positive CD8 T cell responses by the systemic
delivery was observed. Additionally, significant increases in
antigen specific single cytokine positive CD4 T cells by
intradermal delivery and double cytokine positive cells by
systemic delivery of anti-CTLA-4 was observed (*indicates
P<0.05 by Student’s T-test).

Example 11

Synergistic Effect of Sunitinib in Combination with
an Anti-Cancer Vaccine

Study Procedure.

The Anti-tumor efficacy of sunitinib malate in combina-
tion with an anti-cancer DNA vaccine was investigated in
BALB/neuT transgenic female mice. Heterozygote BALB/
neuT transgenic female mice that express rat Her-2 (rHer-2)
tumor associate antigen were implanted subcutaneously
with 1e6 TUBO cells expressing rHer-2 which are derived
from the spontanecous mammary tumors of BALB/neuT
mice. After 7 days post tumor cell implantation, the mice
were dosed once a day orally with either vehicle or sunitinib
malate at doses as indicated in the legends. Three days after
the initiation of sunitinib malate therapy, the mice were
immunized with regimens comprised of either (a) control
vaccine that expresses an antigen that is not expressed in the
tumor or the mouse or (b) DNA cancer vaccine construct that
expresses a rat Her-2 antigen of SEQ ID NO: 54 (rHER2)
which is expressed in the tumor and the mouse. The tumor
growth rate was analyzed by measuring the long (a) and
short diameter (b) of the subcutaneous TUBO tumors twice
a week and calculating the volume as axb®*x0.5 mm?>. The
average and standard error of the mean of the tumor volumes
from 10 mice per each treatment group are plotted against
the days after tumor implantation.

Results.

FIG. 32 shows the results of a representative study that
evaluates and compares the subcutaneous tumor growth rate
upon treatment with sunitinib malate as a monotherapy or in
combination with the DNA cancer vaccine. While the
tumors from mice that received the DNA cancer vaccine
(tHER2: intramuscular injection of 1e9 V.P. of rHer-2
expressing adenovirus followed by two biweekly actuations
of rHer-2 expressing DNA by PMED) continued to grow
rapidly, the tumors from mice that received sunitinib malate
at either 20 mg/kg or 40 mg/kg doses with control vaccines
(control: intramuscular injection of 1e9 V.P. of eGFP
expressing adenovirus followed by two biweekly, actuations
of HBV core antigen expressing DNA by PMED) signifi-
cantly decreased the tumor growth rate, with 20 mg/kg
displaying suboptimal efficacy compared to the 40 mg/kg
dose. However when the cancer vaccine was co-adminis-
tered with the suboptimal dose of sunitinib malate at 20
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mg/kg, the tumors grew at a much slower growth rate than
in mice treated with the same dose of sunitinib malate
co-administered with a control vaccine and similar to that of
mice treated with sunitinib malate at a higher dose. Cancer
vaccine provides additional therapeutic benefit to mice that
received suboptimal doses of sunitinib malate.

FIGS. 33A-33D show the individual tumor growth rates
of mice from a representative study that evaluates and
compares the anti-tumor efficacy of sunitinib malate at 20
mg/kg with control (control) or the DNA cancer vaccine
(tHER2). Briefly, after 7 days post tumor cell implantation,
ten mice per treatment group were daily orally dosed with
either vehicle or 20 mg/kg sunitinib malate (Sutent) for 34
days. Three days after the initiation of Sutent dosing, a series
of immunizations, primed by Adenovirus followed by
PMED, were initiated that continued after the discontinua-
tion of Sutent therapy. Specifically the mice were immu-
nized with either control vaccine comprised of an intramus-
cular injection of 1e9 V.P. of eGFP expressing adenovirus
subsequently followed by two biweekly, two 9 days and four
weekly actuations of DNA expressing HBV core and surface
antigens by PMED or cancer vaccine comprised of rHer-2
expressing adenovirus and DNA instead. The tumors of the
animals that received vehicle with the control vaccine
became measurable around day 7 and continued growing
reaching 2000 mm? after 50 days post tumor implant. The
tumor growth of the animals that received Sutent with
control vaccine was significantly impaired until Sutent
therapy was discontinued. The tumors displayed a rapid
growth rate immediately after the discontinuation of Sutent,
the majority reaching 2000 mm® after 50 days post tumor
implant. The tumor growth rate of animals that only received
the cancer vaccinations was modestly slower than the ani-
mals that did not receive cancer vaccine or Sutent. The
combination of cancer vaccine with Sutent not only sup-
pressed the tumor growth during Sutent therapy (FIG. 33)
but also significantly impaired the progression of the tumor
in 60% of the animals after discontinuation of Sutent treat-
ment.

FIG. 34 shows the Kaplan-Meier survival curve of the
groups of mice from the study described in FIGS. 33A-33D
FIG. 2B that evaluates the anti-tumor efficacy of Sutent with
the control (control) or cancer vaccine (tfHER2). The mice
were sacrificed when the tumor volume reached 2000 mm?®
according to JAUCUC guidelines. Only mice treated with
Sutent (at 20 mg/kg) and cancer vaccine displayed a sig-
nificantly prolonged survival compared to mice either
treated with vehicle and control vaccine, cancer vaccine
without Sutent or Sutent without cancer vaccine (*P<0.01
by Log-rank Test).

FIGS. 35A-35D show the percentage of myeloid derived
suppressor cells (Gr1+CD11b+) and Treg containing CD25+
CD4+ cells in the periphery blood from the groups of mice
from the study described in FIGS. 33A-33D. Briefly,
PBMCs were stained and analyzed by flow cytometry for the
expression of Grl, CD11b, CD3, CD4, and CD25 from
submandibular bleeds of five mice from each group on d27
(20 days post the initiation of Sutent or vehicle treatment).
The mean and standard error of the mean of each treatment
group is shown. A statistically significant reduction of %
myeloid derived suppressor cells was observed in mice that
were treated by Sutent with either control or cancer vaccine
compared to mice that did not receive Sutent nor cancer
vaccine (vehicle+control). However significantly lower
myeloid derived suppressor cells were observed in mice
treated with the combination of Sutent with cancer vaccine
(Sutent+rHER2) compared to mice that were treated with
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cancer vaccine without Sutent (vehicle+rHER2) or Sutent
without cancer vaccine (Sutent+control). A statistically sig-
nificant reduction of Treg containing CD25+CD4+ T cells in
the CD4 population was observed by Sutent with cancer
vaccine. These mice had significantly lower % of Treg
containing CD25+CD4+ T cells in the CD4 population than
mice that were treated with cancer vaccine without Sutent or
Sutent without cancer vaccine in their blood. * indicates
P<0.05 by Student’s T-test.

FIGS. 36A-36C show the total number of myeloid
derived suppressor cells (Grl+CD11b+), Tregs (CD4+
CD25+Foxp3+) and PD-1+CD8 T cells isolated from
tumors of mice. Briefly, the mice were given a single daily
oral dose of either vehicle or Sutent at 20 mg/kg three days
after implantation with TUBO cells for 28 days. The same
mice were immunized with either control vaccine comprised
of an intramuscular injection of 1e9 V.P. of eGFP expressing
adenovirus subsequently followed by two biweekly admin-
istrations of DNA expressing HBV core antigen delivered by
PMED or cancer vaccine comprised of rHer-2 expressing
adenovirus and DNA. An intradermal injection of 50 pg of
CpG (PF-03512676) was given with the PMED administra-
tions in proximity to the right side inguinal draining lymph
node. Seven days after the second PMED and CpG admin-
istration, individual tumors were isolated, from 6 mice per
treatment group. The single cell suspension prepared from
the isolated subcutaneous tumors were stained by antibodies
specific for Grl, Cdl1 b, CD3, CD8, CD25, FoxP3, and
PD-1 and analyzed by flow cytometry. The mean and
standard error of the mean of the total number of specific
cells as indicated in the figures per pg of tumor from each
treatment group is plotted. (*indicates P<0.05 by Student’s
T-test) While there was no significant difference in the
frequency of immune suppressive Tregs or MDSC found in
the tumor when mice were given cancer vaccine (A and B)
compared to mice that received control vaccine (A and B),
a significant reduction was observed when the mice were
treated with Sutent (A and B) compared to mice that
received cancer vaccine only. A reduction of PD-1+CD8 T
cells was also observed in mice that were treated with Sutent
(C) compared to mice that received cancer vaccine (C) only.
Taken together, these data demonstrate that agents that
reduce Tregs, MDSCs or CD8+PD-1+Tcells in combination
with the vaccine would be beneficial in reducing tumor
burden in tumor bearing animals.

Example 12

Anti-Cancer Efficacy of Vaccine in Combination
with Sunitinib and Anti-CTLA-4 Antibody

The anti-tumor efficacy of a cancer vaccine in combina-
tion with sunitinib and anti-CTLA-4 monoclonal antibody
(clone 9D9) was investigated in subcutaneous TUBO tumor
bearing BALB/neuT mice.

Study Procedure.

Briefly, ten mice per each group were daily orally dosed
with either vehicle or sunitinib malate at 20 mg/kg starting
at day 10 post tumor implant until day 64. Vaccination with
DNA constructs that either encode no antigen (control
vaccine) or a rat Her-2 antigen of SEQ Id NO: 54 (cancer
vaccine) as adenovirus vectors initiated on day 13 subse-
quently followed by two weekly immunizations, two
biweekly immunizations, and seven weekly immunizations
of respective antigens (HBV antigens or rHer-2) by DNA.
The groups of mice (closed circle and open triangle) that
were treated with anti-murine CTLA-4 monoclonal antibody
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were intraperitoneally injected with 250 pg of the antibody
on day 20, 27, 41, 55, 62, 69, 76, 83, 90, and 97 right after
the PMED injections.

Results.

FIG. 37 shows the Kaplan-Meier survival curve of the
groups of mice from a representative study evaluating the
anti-tumor efficacy of sunitinib and anti-murine CTLA-4
monoclonal antibody (clone 9D9) in combination with a
cancer vaccine. Increased survival time was observed in
mice treated with Sutent with control vaccine (open circle),
anti-murine CTLA-4 monoclonal antibody (open triangle)
or cancer vaccine (closed triangle). A further increase of
survival was observed in mice treated with Sutent and
cancer vaccine in combination with anti-murine CTLA-4
(closed circle). P values were calculated by log-rank test.

Example 13

Systemic Exposure of Sunitinib and Anti-Cancer
Efficacy of Anti-Cancer Vaccine in Combination
with Low Dose Sunitinib

Sunitinib Systemic Exposure Study.

The kinetics of blood sunitinib was investigated in BALB/
neuT mice with subcutaneous TUBO tumors. Briefly, 20
mice per each treatment group were given Sutent orally, at
20 mg/kg once a day (SID) or at 10 mg/kg twice a day (BID)
with 6 hr intervals, 6 days after tumor implantation. Sub-
mandibular blood from 2-3 mice was collected into lithium
heparin tubes at several time points after Sutent dosing as
indicated (0, 2, 4, 6, 8, 10, 12, and 24 hr). The plasma
supernatant was recovered from the tubes after centrifuga-
tion at x1000 g for 15 min. and the sunitinib levels from the
plasma samples were measured by LC/MS/MS. The mean
and standard error of the mean of each group at each time
point is plotted.

Results are presented in FIG. 38. The mean and standard
error of the mean of each group at each time point is plotted.
The dotted horizontal line marks the minimum sunitinib
blood level, 50 ng/ml, that is necessary to effectively inhibit
tumor growth in monotherapy (Mendel, D., et al.: “In vivo
antitumor activity of SU11248, a novel tyrosine kinase
inhibitor targeting vascular endothelial growth factor and
platelet-derived growth factor receptors: determination of a
pharmacokinetic/pharmacodynamic relationship”. Clinical
Cancer Research, 203, 9:327-337). As shown, the blood
suntinib levels in the mice that received either 20 mg/kg SID
or 10 mg/kg BID only maintain the target effective dose of
50 ng/ml that effectively inhibits tumor growth transiently
within 24 hr. The blood levels in 20 mgkg SID group
peaked above 50 ng/ml at 2 hrs, dropped to 50 ng/ml at 6 hrs
and cleared the blood by 12 hrs post Sutent dosing he levels
in the group that received 10 mg/kg BID peaked above 50
ng/ml at 2 hrs but rapidly dropped below 50 ng/ml by 4 hrs
that peaked again 2 hrs after the second dose. The levels
rapidly dropped to 50 ng/ml by 4 hrs and cleared the blood
by 18 hrs after the second dose. Despite the bi-daily dosing
regimen, the animals that received 10 mg/kg, remained to
display lower duration of exposure at target concentration
than the 20 mg/kg single daily dosing regimen.

Anti-Tumor Efficacy Study.

Anti-tumor efficacy of long term administration of low
dose sunitinib in combination with an anti-cancer vaccine
was investigated in BALB/neuT mice with subcutaneous
TUBO tumors. Briefly, the mice were given sunitinib malate
(Sutent) for 31 days at 20 mg/kg SID or for 104 days at 10
mg/kg BID and received either control vaccine or cancer
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vaccine. The control vaccine, which delivers no antigen, and
the cancer vaccine, which delivers a rat her-2 antigen
(rHer-2) of SEQ ID NO: 54, was given by adenovirus on day
9 subsequently followed by five biweekly administrations of
the DNA by PMED delivering HBV antigens or rHer-2
respectively.

The results are presented in FIG. 39. While the cancer
vaccine improved the survival of mice given Sutent at 20
m/kg, there was even significant improvement of the sur-
vival of mice given Sutent at 10 mg/kg (*P=0.05 by Log
rank test).

Example 14

Effect of CpG or CD40 Agonist on the Immune
Responses Induced by Cancer Vaccine

Immunogenicity Studies in BALB/c Mice

The effect of local administration of immune modulators
on the magnitude and quality of antigen specific immune
responses induced by a cancer was investigated in BALB/c
mice, in which the immune response was assessed by
measuring rHER2 specific T cell responses using the IFNy
ELISPOT assay or intracellular cytokine staining assay.
Briefly, 4 to 6 female BALB/c mice per group as indicated
were immunized with DNA plasmid expression constructs
encoding rHER2 antigen sequences (SEQ ID NO:54) by
PMED delivery system. The immune modulators, CpG7909
(PF-03512676) and anti-CD40 monoclonal agonistic anti-
body, were administered locally by intradermal injections in
proximity to the vaccine draining inguinal lymph node
subsequently after the PMED actuations. Antigen specific T
cell responses were measured by IFNy ELISPOT or intra-
cellular cytokine staining assay according to the procedure
described below.

Intracellular Cytokine Staining (ICS) Assay

The rHer-2 specific polyfunctional (multi-cytokine posi-
tive) T cell immune responses were measured from spleno-
cytes or PBMCs isolated from individual animals by ICS
assay. Typically le6 splenocytes were incubated with
Brefeldin A at 1 pg/ml and peptide stimulant (rHer-2 specific
CDS8 p66, rHer-2 specific CD4 p169 or irrelevant HBV p87)
at 10 ug/ml for 5 hr at 37° C. in a 5% CO, incubator. After
the stimulation, the splenocytes were washed and blocked
with Fey block (anti-mouse CD16/CD32) for 10 min. at 4°
C. followed by a 20 min staining with Live/dead aqua stain,
anti-mouse CD3ePE-Cy7, anti-mouse CD8a Pacific blue,
and anti-mouse CD45R/B220 PerCP-Cy5.5. The cells were
washed, fixed with 4% paratormaldehyde overnight at 4° C.,
permeabilized with BD fix/perm solution for 30 min at RT
and incubated with anti-mouse IFNy APC, anti-mouse
TNFa Alexa488 and anti-mouse IL-2 PE for 30 min at RT.
The cells were washed and 20,000 CD4 or CD8 T cells were
acquired for analysis by flow cytometry. The total number of
antigen specific single, double or triple cytokine positive T
cells per total spleen of each animal is calculated by sub-
tracting the rHer-2 specific responses to the irrelevant pep-
tide HBV from the vaccine specific responses and normal-
ized to the total number of splenocytes isolated from the
spleen.

IFNy ELISPOT Assay Results

FIG. 40 shows the IFNy ELISPOT results from groups of
mice from a representative study evaluating the magnitude
of antigen specific T cell responses induced by the rHER2
vaccine when given with the immune modulators as indi-
cated. Briefly, each mouse per treatment group (n=4) was
immunized with DNA plasmid expression constructs encod-
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ing rtHER?2 antigen sequences (SEQ ID NO:54) by PMED
immediately followed by either 100 ug of control rat IgG
monoclonal antibody (Bioxcell #BE0089: control mAb) or
50 pg CpG7909 or 100 ug of anti-CD40 monoclonal anti-
body (Bioxcell #BE0016-2: a-CD40 mAb) as indicated. The
antigen specific immune responses were measured by [FNy
ELISPOT assay from 5e5 splenocytes mixed with control or
rHer-2 specific p66 peptides at 10 pg/ml concentration, 7
days after the PMED actuation. The number of total IFNy
secreting cells from splenocytes containing 1e5 CD8 T cells
were calculated from the ELISPOT results from individual
animals and the % of CD8 T cells in splenocytes and mean
and standard mean of error of each group are plotted. As
shown, both CpG7909 and the anti-CD40 monoclonal anti-
body both significantly enhanced the magnitude of antigen
specific immune responses induced by rHer-2 DNA com-
pared to mice that received control antibodies.

Intracellular Cytokine Staining (ICS) Assay Results.

FIGS. 41A and 41B show the results of a representative
study that evaluates the immunomodulatory activity of CpG
7909 on the quality of the vaccine induced immune
responses by intracellular cytokine staining assay. Briefly,
each animal was immunized twice with the DNA plasmid
expression constructs encoding rHER2 antigen sequences
(SEQ ID NO:54) delivered by PMED with a 4-week inter-
val. The mice in each group (n=5) were given intradermal
injections of either PBS (PMED group) or 50 ug of CpG
7909 (PMED+CpG group) in proximity to the right side
vaccine draining inguinal node immediately following both
DNA immunizations by PMED. Seven days after the last
immunization by PMED, an ICS assay was performed on the
splenocytes isolated from each individual mice to detect
antigen specific polyfunctional CD8 or CD4 T cells that
secrete IFNy, TNFa and/or 1L.-2. A significant increase in
rHer-2 specific multi-cytokine positive CD8 and CD4 T cell
responses were detected from mice treated with the local
delivery of CpG 7909 compared to PBS. An increase in the
single cytokine positive CD8 population was observed in the
animals that received local delivery of CpG7909 adminis-
tration compared to PBS (*indicates P<0.05 by Student’s
T-test).

FIGS. 42A and 42B show the results of a representative
study that evaluates the immunomodulatory activity of an
agonistic anti-CD40 monoclonal antibody on the quality of
the vaccine induced immune responses by intracellular
cytokine staining assay. Briefly, each animal was immunized
twice by DNA plasmid expression constructs encoding
rHER2 antigen sequences (SEQ ID NO:54) delivered by
PMED with a 4 week interval. The mice in each group (n=6)
were given 100 ng of intradermal injections of either isotype
IgG control (PMED with IgG) or anti-CD40 monoclonal
antibody (PMED with aCD40) in proximity to the right side
vaccine draining inguinal node, one day after the first
immunization was administered by PMED. Seven days after
the last PMED, an ICS assay was performed on the sple-
nocytes isolated from each individual mice to detect rHer-2
specific polyfunctional CD8 or CD4 T cells that secrete
IFNy, TNFa and/or IL-2. A significant increase in the rHer-2
specific triple-cytokine positive CD8 and CD4 T cell
responses were detected from mice treated with the local
delivery of anti-CD40 monoclonal antibody compared to
isotype IgG control. There were also significant increases in
rHer-2 specific single and double cytokine positive CD4 T
cells by anti-CD40 monoclonal antibody given locally (*in-
dicates P<0.05 by Student’s T-test).
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Example 15

Anti-Cancer Efficacy of Cancer Vaccine in
Combination with Low Dose Sunitinib

Anti-tumor efficacy of anti-cancer vaccine in combination
with low dose sunitinib was investigated in BALB/neuT
mice with spontaneous mammary pad tumors.

Animal Treatment.

Briefly, 13-14 weeks old female mice were orally given
sunitinib malate (Sutent) at 5 mg/kg for 112 days twice a
day. The control vaccine, which delivers no antigen, and
cancer vaccine which delivers a rat Her-2 antigen of SEQ ID
NO: 54 (rtHer-2), were given by adenovirus injections on day
3 as a prime followed by 7 biweekly administrations by
PMED of DNA delivering HBV antigens (control vaccine)
or rHer-2 (cancer vaccine) respectively. The survival end
point was determined when all ten mammary pads became
tumor positive or when the volume of any of the mammary
tumors reach 2000 mm®. The results are presented in FIG.
43.

Results.

Compared to previously published pharmacokinetic pro-
file of Sutent (Mendel, D., Laird, D., et al.: “In vivo
antitumor activity of SU11248, a novel tyrosine kinase
inhibitor targeting vascular endothelial growth factor and
platelet-derived growth factor receptors: determination of a
pharmacokinetic/pharmacodynamic relationship”. Clinical
Cancer Research, 203, 9:327-337) and previous data (FIG.
38), the C, . of Sutent in mice dosed twice a day at 5 mg/kg
is expected to be significantly lower than the minimum
blood levels necessary to achieve efficient anti-tumor effi-
cacy in mice and man. The data shows a quick and tempo-
rary improvement in the survival of the mice treated with
low dose Sutent monotherapy. However when given with the
cancer vaccine, a more persistent and significant improve-
ment of survival was observed (P<0.0001 by Log rank test).

Example 16

Enhancement of Vaccine-Induced Immune
Responses by Local Administration of CpG

The immune enhancement of local administration of CpG
(PF-03512676) on the immune responses induced by a
human PSMA nucleic acid provided by the invention was
investigated in a monkey study, in which the immune
response was assessed by measuring PSMA specific T cell
responses using an IFNy ELISPOT assay.

Animal Treatment and Sample Collection.

Six groups of Chinese cynomolgus macaques, six (#1 to
6) per each test group, were immunized with a plasmid DNA
encoding the human PSMA modified antigen (amino acids
15-750 of SEQ ID NO:1) delivered by electroporation.
Briefly, all animals received bilateral intramuscular injec-
tions of 5 mg of plasmid DNA followed by electroporation
(DNA EP) on day 0. Subsequently right after the electropo-
ration, group 2 received bilateral intramuscular injections of
2 mg of CpG mixed with 1 mg Alum in proximity to the
DNA injection sites. Group 3 and 4 received bilateral
intramuscular injections of 2 mg of CpG delivered without
alum in proximity to the DNA injection sites either on day
0 or day 3, respectively. Group 5 received 2 mg of bilateral
intradermal injections of CpG delivered in proximity to the
vaccine draining inguinal nodes on day 3. Group 6 received
bilateral injections of 200 pg of CpG mixed with the DNA
solution which was co-electroporated into the muscle on day
0.
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IFNy ELISPOT Assay Procedure.

Peripheral blood samples were collected from each ani-
mal fifteen days after the DNA immunization. Peripheral
blood mononuclear cells (PBMCs) were isolated from the
blood samples and were subjected to an IFNy ELISPOT
assay to measure the PSMA specific T cell responses.
Briefly, 4e5 PBMCs from individual animals were plated per
well with pools of PSMA specific peptides or nonspecific
control peptides (human HER?2 peptide pool) each at 2 ug/ml
in IFNy ELISPOT plates. The composition of each of the
PSMA specific peptide pool is provided in Table 1A. The
plates were incubated for 16 hrs at 37° C. and 5% CO2 and
washed and developed after incubation as per manufactur-
er’s instruction. The number of IFNy spot forming cells
(SFC) were counted by CTL reader. Each condition was
performed in duplicates. The result of a representative
experiment is presented in Table 1B. The reported PSMA
specific response is calculated by subtracting the average
number of the SFC to the nonspecific control peptides
(human HER2 peptide pool) from the average number of
SFC to the PSMA peptide pools and normalized to the SFC
observed with 1e6 PBMCs. " indicates that the count is not
accurate because the numbers of spots were too numerous to
count. ND indicates not determined.

Results.

Table 28 shows the result of a representative IFNy
ELISPOT assay that evaluates and compares the IFNy T cell
responses induced by the vaccine without (group 1) or with
CpG (PF-03512676) given locally by intramuscular (groups
2, 3, 4, and 5) or intradermal injections (group 6). There
results in Table 1B is plotted in FIG. 1. As shown in Table
1B and FIG. 1, the PSMA specific IFNy T cell responses
were detected to multiple PSMA specific peptide pools in
the absence of CpG (PF-03512676) in all six animals (group
1). The total response to the PSMA peptides measured were
modestly higher in a few animals that additionally received
CpG (PF-03512676) either by intramuscular (group 4: 3/6)
or intradermal (group 5: 2/6) injections 3 days after DNA
electroporation. However, when CpG was delivered subse-
quently right after electroporation on the same day (groups
2 and 3), there were several animals that failed to produce
high responses (group 2: 4/6 and group 3: 3/6) whether
mixed or not mixed with Alum. However higher net
responses were detected in 4/6 animals when a ten-fold
lower dose of CpG was co-electroporated with the DNA
solution into the muscle (group 6) with a statistically higher
response (P<0.05) to peptide pools H1 and R1 compared to
animals that did not receive CpG (group 1). The data shows
that low dose of CpG can effectively enhance IFNy T cell
responses induced by a DNA vaccine when co-electropo-
rated into the muscle.

TABLE 28

PSMA specific IFNy T cell responses induced by
the DNA vaccine without (Group 1) or with CpG (Groups
2,3, 4,5 and 6) is measured by IFNy ELISPOT
assay from PBMCS, 15 days after DNA electroporation

Recall Antigen
Group Animal ID P1 P2 P3 HI H2 RI R2
1 #1 36 31 1 126 183 5 14
#2 6 313 61 524 6 141
#3 11 4 8 108 1049 3 56
#4 10 0 13 20 151 13 10
#5 8 6 11 39 469 14 18
#6 26 5 0 145 336 8 30
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TABLE 28-continued

PSMA specific IFNy T cell responses induced by
the DNA vaccine without (Group 1) or with CpG (Groups
2,3, 4,5 and 6) is measured by IFNy ELISPOT
assay from PBMCS, 15 days after DNA electroporation

Recall Antigen
Group Animal ID Pl P2 P3 HI H2 Rl R2
2 #1 3 1 0 15 35 0 0
#2 0 0 8 4 6 13 0
#3 3 0 0 o 10 1 0
#4 6 209 4 111 414 23 9
#5 15 5 30 171 104 68 6
#6 0 0 0 9 9 6 8
3 #1 14 19 8 123 1066 10 60
#2 14 16 20 384 393 104 8
#3 0 0 15 0 6 0 0
#4 0 0 0 33 21 0 4
#5 4 91 1 875 "1235 233 109
#6 0 0 0 0 30 0
4 #1 0 33 15 1025 "1209 280 90
#2 0 313 3 23 6% 6 31
#3 61 120 61 428 1190 143 53
#4 0 0 8 399 870 34 111
#5 0 1 8 19 226 10 36
#6 111 55 39 231 613 121 99
5 #1 21 9 0 35 1131 73 5
#2 0 0 0 118 233 0 0
#3 0 0 0 18 129 0 0
#4 0 28 78 68 294 58 8
#5 25 0 28 329 1125 134 5
#6 0 0 0 23 3% 4 0
6 #1 0 0 13 650 1096 270 5
#2 34 1 74 124 474 29 15
#3 0 3 14 684 1074 126 64
#4 8 9 0 136 321 49 1
#5 13 23 35 ND 1235 333 195
#6 0 0 0 421 "1201 138 29
Example 17
Enhancement of Vaccine-Induced Immune
Responses by Local Administration of

Anti-CTLA-4 Antibody

The effect of low dose subcutaneous administration of
anti-CTLA-4 monoclonal antibody (CP-675, 206) on the
immune responses induced by a rhesus PSMA nucleic acid
was investigated in a monkey study, in which the immune
response was assessed by measuring PSMA specific T cell
responses using an [FNy ELISPOT assay. The rhesus PSMA
nucleic acid used in the study has the sequence as set forth
in SEQ ID NO: 56) and encodes an immunogenic PSMA
polypeptide of SEQ ID NO: 55.

Animal Treatment and Sample Collection.

Five groups of male Indian rhesus macaques, seven (#1 to
7) per each test group, were immunized with an adenovirus
encoding a rhesus PSMA modified polypeptide delivered by
bilateral intramuscular injections (2x 5e10 V.P.). Immedi-
ately following the adenovirus injections, group 1 received
vehicle, and groups 2 to 4 received bilateral subcutaneous
injections of anti-CTLA-4 antibody (CP-675, 206) at doses
2x 25 mg, 2x 16.7 mg and 2x 8.4 mg respectively in
proximity to the vaccine draining lymph node.

Nine days after the immunization, peripheral blood mono-
nuclear cells (PBMCs) were isolated from each animal and
were subjected to an IFNy ELISPOT assay to measure the
rhesus PSMA specific T cell responses. Briefly, 4e5 PBMCs
from individual animals were plated per well with pools of
rhesus PSMA specific peptides (P1, P2, P3 or R1+R2
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defined in table 24 A) or nonspecific control peptides (human
HER2 peptide pool) each at 2 ug/ml in IFNy ELISPOT
plates. The plates were incubated for 16 hrs at 37° C. and 5%
CO2 and washed and developed after incubation as per
manufacturer’s instruction. The number of IFNy spot form-
ing cells (SFC) were counted by CTL reader. Each condition
was performed in duplicates. The average of the duplicates
from the background adjusted SFC of the rhesus PSMA
specific peptide pools was normalized to the response in 1e6
PBMCs. The individual and sum responses to the peptide
pools from each individual animal are presented in Table 29.

IFNy ELISPOT Assay Procedure.

A capture antibody specific to IFNy BD Bioscience,
#51-2525ke) is coated onto a polyvinylidene fluoride
(PVDF) membrane in a microplate overnight at 4° C. The
plate is blocked with serum/protein to prevent nonspecific
binding to the antibody. After blocking, effector cells (such
as splenocytes isolated from immunized mice or PBMCs

5
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Results.

Table 29. shows the results of a representative IFNy
ELISPOT assay that compares the T cell responses induced
by the vaccine without (group 1) or with (groups 2-4)
anti-CTLA-4 monoclonal antibody (CP-675, 206) given
locally by subcutaneous injections in proximity to the vac-
cine draining lymph node. The vaccine generated an
immune response (group 1) that was significantly enhanced
by the local administration of the anti-CTLA-4 antibody
(CP-675, 206) at a dose of 50 mg (group 2, P=0.001 by
Student’s T-test using underestimated values). The response
was also significantly enhanced by low doses of anti-
CTLA-4 antibody at 33.4 mg (group 3: P=0.004 by Student
T-test using underestimated values) and 16.7 mg (group 4:
P=0.05 by Student T-test) respectively. The data suggests
that low doses of anti-CTLA-4 delivered by subcutaneous
injection can significantly enhance the vaccine induced
immune responses.

TABLE 29

IFNy T cell responses induced by the vaccine without (Group 1)
or with subcutaneous injections of anti-CTLA-4 antibody (CP-675, 206).

aCTLA4 peptide pool

Group dose, mg  animal ID P1 P2 P3 R1 +R2 Sum
1 NA 1 21 0 0 108 129
2 59 480 28 353 920

3 133 29 359 305 826

4 0 28 1 35 64

5 41 6 30 99 176

6 1 0 849 169 1019

7 0 0 0 23 23

2 50.0 1 1105 704 1116 1116 “4041
2 371 26 661 779 1837

3 393 559 216 198 1366

4 "1100 1100 406 1078 3684

5 778 325 554 419 2076

6 "1079 1079 844 1079 "4081

7 423 103 535 398 1459

3 334 1 425 425 45 425 71700
2 580 580 580 580 2320

3 TNTC TNTC TNTC TNTIC  TNTC

4 321 778 370 409 1878

5 331 466 311 446 1554

6 545 121 7631 1194 2491

7 446 299 1078 1060 2883

4 16.7 1 964 296 964 964 3188
2 76 76 76 76 304

3 ‘984 984 o4 ‘984 73936

4 260 489 648 1109 2506

5 119 45 28 140 332

6 55 76 43 198 372

7 146 726 141 400 1413

" indicates that the count is underestimated due to the high spot numbers.
TNTC means too numerous to count.

isolated from rhesus macaques) and targets (such as PSMA
peptides from peptide library, target cells pulsed with anti-
gen specific peptides or tumor cells expressing the relevant
antigens) are added to the wells and incubated overnight at
37°C. in a 5% CO, incubator. Cytokine secreted by effector
cells are captured by the coating antibody on the surface of
the PVDF membrane. After removing the cells and culture
media, 100 pl of a biotinylated polyclonal anti-human IFNy
antibody was added to each of the wells for detection. The
spots are visualized by adding streptavidin-horseradish per-
oxidase and the precipitate substrate, 3-amino-9-ethylcarba-
zole (AEC), to yield a red color spot as per manufacturer’s
(Mabtech) protocol. Each spot represents a single cytokine
producing T cell.

55

Example 18

Immunomodulation of Myeloid Derived Suppressor
Cells by Low Dose Sunitinib

The following example is provided to illustrate the immu-

o homodulatory effects of low dose sunitinib on Myeloid

Derived Suppressor Cells (MDSC) in vivo, in a non-tumor
mouse model.

Study Procedures.

To generate MDSC enriched splenocytes, TUBO cells

65 (1x10°) were implanted into the flanks of 5 BALB/neuT

mice, and left for approx. 20-30 days until tumor volume
reached between 1000-1500 mm>. Mice were then sacri-



US 9,468,672 B2

99

ficed, spleens removed and the MDSC enriched splenocytes
recovered. Splenocytes were labeled for 10 minutes with 5
uM CFSE, washed with PBS and counted. Labeled cells
were subsequently resuspended at 5x10” splenocytes/ml in
PBS solution and adoptively transferred via an i.v. tail vein
injection into naive BALB/c recipient mice. Three days prior
to adoptive transfer, the recipient mice began bi-daily dosing
with vehicle or sunitinib malate (Sutent) at 5 mg/kg, 10
mg/kg and 20 mg/kg. Following adoptive transfer, recipient
mice continued to receive bi-daily dosing of Vehicle or
sunitinib for two further days, after which point the mice
were sacrificed, spleens removed, splenocytes recovered and
processed for phenotypic analysis.

Splenocytes were counted and resuspended at 5x10°
cells/ml in FACS staining buffer (PBS, 0.2% (w/v) bovine
serum albumin, and 0.02% (w/v) Sodium Azide). For flow
cytometry staining of splenocytes, 2.5x10° cells were first
incubated with anti-bodies to CD16/CD32, 10 minutes at 4°
C., to block Fc receptors and minimize non-specific binding.
Splenocytes were then stained for 20 minutes at 4° C. with
appropriate fluorophore conjugated antibodies (Biolegend)
to murine cell surface markers. For T cells (anti-CD3
(Pacific Blue), clone 17A2) and for MDSC (anti-GR-1
(APC), clone RB6-8C5 and anti-CD11b (PerCp Cy5.5),
clone M1/70). A live/dead stain was also included. Follow-
ing antibody incubation, stained splenocytes were washed
with 2 mls of FACS buffer, pelleted by centrifugation and
resuspended in 0.2 ml of FACS buffer prior to data acqui-
sition on a BD CANTO II flow cytometer. To monitor the
effect of Sunitinib or Vehicle on the adoptively transferred
MDSC survival, we calculated the percentage of CFSE+,
CD3-,GR1+,CD11 b+ in the live, singlet gate. We then
determined the number of adoptively transferred MDSC per
spleen by calculating what actual cell number the percentage
represented of total splenocytes count. Data was analyzed by
FloJo and Graph pad software.

Results.

The data presented in Table 31 represents the mean
number of adoptively transferred CSFE+,CD3-,GR1+,
CD11b+ cells recovered per spleen (n=7/group), 2 days post
adoptive transfer, from mice bi-daily dosed with either
Vehicle or 5 mg/kg, 10 mg/kg and 20 mg/kg Sunitinib. The
data demonstrates that Sunitinib, dosed bi-daily, in vivo, has
an immunomodulatory effect on MDSCs, even when dosed
as low as 5 mg/kg, resulting in a statistically significant
reduction in the numbers recovered when compared to the
vehicle treated control group.

TABLE 31
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Example 19

Immunogenicity of Triple Antigen Adenovirus and
DNA Constructs

The following example is provided to illustrate the capa-
bility of triple antigen vaccine constructs (either in the form
of adenovirus vector or DNA plasmid) expressing three
antigens PSMA, PSCA and PSA provided by the invention
to elicit specific T cell responses to all three encoded
antigens in nonhuman primates.

In Vivo Study Procedures.

The T cell immunogenicity of five adenovirus vectors
each expressing three antigens (PSMA, PSCA and PSA;
Ad-733, Ad-734, Ad-735, Ad-796 and Ad-809) provided by
the invention were compared to the mix of three adenovirus
vectors each only expressing a single antigen (PSMA, PSA
or PSCA), 9 days post prime. The response to single
adenovirus expressing a single antigen (groups 1-3) was
evaluated to demonstrate the specificity. Briefly, Indian
rhesus macaques (n=6 for groups 1 and 3, n=7 for group 2
and n=8 for groups 4-9) were intramuscularly injected with
a total of lell V.P. followed by intradermal injections of
anti-CTLA-4 at 10 mg/kg on the same day. Nine days after
the injections, peripheral blood mononuclear cells (PBMCs)
were isolated from each animal and were subjected to an
IFNy ELISPOT assay to measure the PSMA, PSA and PSCA
specific T cell responses.

Thirteen weeks after the adenovirus and anti-CTLA-4
injections when the T cell responses have contracted, the
monkeys received DNA (Group 1: PSMA, plasmid 5166;
Group 2: PSA, plasmid 5297; Group 3: PSCA, plasmid
5259; Group 4: mix of PSMA, PSA and PSCA, plasmids
5166, 5259 and 5297; Group 4: plasmid 457; Group 6:
plasmid 458; Group 7: plasmid 459; Group 8: plasmid 796
and Group 9: plasmid 809) boost vaccinations delivered by
electroporation. In summary, each animal received a total 5
mg of plasmid DNA provided by the invention which
delivers the same expression cassette encoded in the adeno-
virus used in the prime. Nine days after the boost vaccina-
tion, peripheral blood mononuclear cells (PBMCs) were
isolated from each animal and were subjected to an IFNy
ELISPOT assay.

IFNy ELISPOT Assay.

Briefly, 4e5 PBMCs from individual animals were plated
per well with PSMA specific peptide pools P1, P2, P3 or H1
and H2 (Table 24A), PSA specific pool 1 or 2 (Table 25),
PSCA specific pool (Table 26) or nonspecific control pep-
tides (human HER2 peptide pool) each at 2 ug/ml in IFNy
ELISPOT plates. The plates were incubated for 16 hrs at 37°
C. and 5% CO2 and washed and developed after incubation

Mean number of CFSE+, CD3-, GR1+, CD11b+ MDSCs recovered from the spleen,
7 mice per group, and the corresponding standard error. Statistical significance was
determined by one-way ANOVA using the Dunnett’s multiple comparison test,
comparing the Sunitinib dosed groups against the 0 mg/kg (vehicle) group.

Sunitinib Dose (mg/kg)

20

Yes

0 (Vehicle) 5 10
MDSC #/spleen 17470 +/- 2017 10980 +/- 1082 4207 +/-338 4440 +/- 440
Mean +/— SEM
Statistical NA Yes Yes
significance,

p <0.5[[?]
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as per manufacturer’s instruction. The number of IFNy spot
forming cells (SFC) were counted by CTL reader. Each
condition was performed in duplicates. The average of the
duplicates from the background adjusted SFC of the antigen
specific peptide pools was normalized to the response in 1e6
PBMCs. The antigen specific responses in the tables present
the sum of the responses to the corresponding antigen
specific peptides or peptide pools.

Results:

Table 27 represents a study that evaluates the T cell
immunogenicity of five different adenoviruses each express-
ing all three antigens in comparison to the mixture of three
adenoviruses each expressing a single antigen in Indian
rhesus macaques by IFNy ELISPOT. The majority of ani-
mals that only received Ad-PSMA (group 1) injections
induced specific responses to PSMA but not to PSA or PSCA
(Student’s T-test, P<0.03. One animal (#4) that induced
responses to PSCA preferentially was removed from the
statistical analysis). The animals that only received injec-
tions of Ad-PSA (group 2) induced specific responses to
PSA but not to PSMA or PSCA (Student’s T-test, P<0.02).
The animals that only received injections of Ad-PSCA
(group 3) induced specific responses to PSCA but not to
PSMA or PSA (Student’s T-test, P<0.03). All five triple-
antigen expressing adenovirus vectors (groups 5-9) induced
IFNy T cell responses to all three antigens which the
magnitude varied by animal. The magnitude of the responses
to PSCA induced by the triple antigen expressing adenovi-
ruses were similar to the mix of individual vectors (group 4).
However the magnitude of responses to PSMA induced by
Ad-809 (group 9) and responses to PSA induced by Ad-796
(group 8) were each significantly superior to the mix (Stu-
dent’s T-test, P=0.04 and P=0.02) respectively. These results
indicate that vaccinating with an adenovirus expressing
triple antigens can elicit equivalent or superior T cell
immune responses to vaccinating with the mix of individual
adenoviruses in nonhuman primates.

Table 28 shows the IFNy ELISPOT results represents a
study that evaluates the immunogenicity of the five different
triple antigen expression cassettes provided in the invention
delivered by an adenovirus prime in combination with
anti-CTLA-4 followed by an electroporation boost of the
corresponding plasmid DNA. The immune responses are
compared to the mix of three constructs expressing a single
antigen delivered similarly by an adenovirus prime with
anti-CTLA-4 and DNA electroporation boost immuniza-
tions.

All of the animals that only received Ad-PSMA with
anti-CTLA-4 followed by plasmid-PSMA (group 1) immu-
nizations induced specific responses to PSMA but not to
PSA or PSCA. Similarly all of the animals that only received
Ad-PSA with anti-CTLA-4 followed by plasmid-PSA
immunizations (group 2) induced specific responses to PSA
but not to PSMA or PSCA and finally all of the animals that
only received Ad-PSCA with anti-CTLA-4 followed by
plasmid-PSCA (group 3) immunizations induced specific
responses to PSCA but not to PSMA or PSA (Student’s
T-test, P<0.01).

All animals that have been immunized with either the
triple-antigen expressing vectors (groups 5-9) or the mix
(group 4) induced IFNy T cell responses to all three antigens.
The frequency of PSCA or PSA specific IFNy T cells
detected were similar in all of these groups (groups 4-9)
respectively. However construct groups 7 and 9 that received
triple antigen expression vector vaccinations produced sig-
nificantly higher frequency of responses to PSMA than the
mix of three single antigen expressing constructs (group 4).
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These results indicate that adenovirus and DNA vaccines
expressing triple antigens in one cassette can elicit equiva-
lent or superior IFNy T cell responses to the mix of adeno-
viruses and DNAs expressing the single antigens in nonhu-
man primates.

TABLE 25

PSA peptide pools: The amino acid position and
sequence of fifteen amino acid peptides
overlapping by thirteen amino acids from

PSA peptide library ig shown.

PSA peptide pool 1 PSA peptide pool 2

amino PSA peptide amino PSA peptide
acid no. sequence acid no.sequence

5-19 VVFLTLSVTWIGAAP 129-143 PAELTDAVKVMDLPT

9-23 TLSVTWIGAAPLILS 131-145 ELTDAVKVMDLPTQE
11-25 SVIWIGAAPLILSRI 133-147 TDAVKVMDLPTQEPA
13-27 TWIGAAPLILSRIVG 135-149 AVKVMDLPTQEPALG
15-29 IGAAPLILSRIVGGW 137-151 KVMDLPTQEPALGTT
17-31 AAPLILSRIVGGWEC 139-153 MDLPTQEPALGTTCY
19-33 PLILSRIVGGWECEK 141-155 LPTQEPALGTTCYAS
21-35 ILSRIVGGWECEKHS 143-157 TQEPALGTTCYASGW
23-37 SRIVGGWECEKHSQP 145-159 EPALGTTCYASGWGS
25-39 IVGGWECEKHSQPWQ 147-161 ALGTTCYASGWGSIE
27-41 GGWECEKHSQPWQVL  149-163 GTTCYASGWGSIEPE
29-43 WECEKHSQPWQVLVA  151-165 TCYASGWGSIEPEEF
31-45 CEKHSQPWQVLVASR 153-167 YASGWGSIEPEEFLT
33-47 KHSQPWQVLVASRGR 155-169 SGWGSIEPEEFLTPK
35-49 SQPWQVLVASRGRAV  157-171 WGSIEPEEFLTPKKL
37-51 PWQVLVASRGRAVCG 159-173 SIEPEEFLTPKKLQC
39-53 QVLVASRGRAVCGGV  161-175 EPEEFLTPKKLQCVD
41-55 LVASRGRAVCGGVLV  163-177 EEFLTPKKLQCVDLH
43-57 ASRGRAVCGGVLVHP 165-179 FLTPKKLQCVDLHVI
45-59 RGRAVCGGVLVHPQW 167-181 TPKKLQCVDLHVISN
47-61 RAVCGGVLVHPQWVL  169-183 KKLQCVDLHVISNDV
49-63 VCGGVLVHPQWVLTA  171-185 LQCVDLHVISNDVCA
51-65 GGVLVHPQWVLTAAH 173-187 CVDLHVISNDVCAQV
53-67 VLVHPOQWVLTAAHCI 175-189 DLHVISNDVCAQVHP
55-69 VHPQWVLTAAHCIRN 177-191 HVISNDVCAQVHPQK
57-71 POWVLTAAHCIRNKS 179-193 ISNDVCAQVHPQKVT
59-73 WVLTAAHCIRNKSVI 181-195 NDVCAQVHPQKVTKF
61-75 LTAAHCIRNKSVILL 183-197 VCAQVHPQKVTKFML
63-77 AAHCIRNKSVILLGR 185-199 AQVHPQKVTKFMLCA
65-79 HCIRNKSVILLGRHS 187-201 VHPQKVTKFMLCAGR
67-81 IRNKSVILLGRHSLF 189-203 PQKVTKFMLCAGRWT
69-83 NKSVILLGRHSLFHP 191-205 KVTKFMLCAGRWTGG
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TABLE 25-continued TABLE 26

PSA peptide pools: The amino acid position and PSCA peptide pool: The amino acid position and
sequence of fifteen amino acid peptides

overlapping by thirteen amino acids from PSCA
peptide library is shown.

sequence of fifteen amino acid peptides
overlapping by thirteen amino acids from 5

PSA peptide library is shown.

amino acid no. PSCA peptide sequence
PSA peptide pool 1 PSA peptide pool 2
1-15 MKAVLLALLMAGLAL
amino PSA peptide amino PSA peptide
acid no. sequence acid no.sequence 10 3-17 AVLLALLMAGLALQP
71-85 SVILLGRHSLFHPED 193-207 TKFMLCAGRWTGGKS 5-19 LLALLMAGLALQPGT
7-21 ALLMAGLALQPGTAL
73-87 ILLGRHSLFHPEDTG 195-209 FMLCAGRWTGGKSTC
5 9-23 LMAGLALQPGTALLC
75-89 LCGRHSLFHPEDTGQV 197-211 LCAGRWTGGKSTCSG
11-25 ACGLALQPGTALLCYS
77-91 RHSLFHPEDTGQVFQ 199-213 AGRWTGGKSTCSGDS
13-27 LALQPGTALLCYSCK
79-93  SLFHPEDTGQVFQVS 201-215 RWTGGKSTCSGDSGE
QUEQ 20 15-29 LQPGTALLCYSCKAQ
81-95 FHPEDTGQVFQVSHS 203-217 TGGKSTCSGDSGGPL 17-31 PGTALLCYSCKAQVS
83-97 PEDTGQVFQVSHSFP 205-219 GKSTCSGDSGGPLVC 19-33 TALLCYSCKAQVSNE
85-99 DTGOVFQVSHSFPHP 207-221 STCSGDSGGPLVCNG 55 21-35 LLCYSCKAQVSNEDC
23-37 CYSCKAQVSNEDCL
87-101 GQVFQVSHSFPHPLY 209-223 CSGDSGGPLVCNGVL Q Q
25-39 SCKAQVSNEDCLQVE
89-103 VFQVSHSFPHPLYDM 211-225 GDSGGPLVCNGVLQG
27-41 KAQVSNEDCLQVENC
91-105 QVSHSFPHPLYDMSL 213-227 SGGPLVCNGVLQGIT 30
29-43 QVSNEDCLQVENCTQ
93-107 SHSFPHPLYDMSLLK 215-229 GPLVCNGVLQGITSW
31-45 SNEDCLQVENCTQLG
95-109 SFPHPLYDMSLLKNR 217-231 LVCNGVLQGITSWGS
o 33-47 EDCLQVENCTQLGEQ
97-111 PHPLYDMSLLKNRFL 219-233 CNGVLQGITSWGSEP O 35-49 CLOVENCTOLGEQCH
99-113 PLYDMSLLKNRFLRP 221-235 GVLQGITSWGSEPCA 37-51 QVENCTQLGEQCWTA
101-115 YDMSLLKNRFLRPGD 223-237 LOGITSWGSEPCALP 39-53 ENCTQLGEQCWTARI
40
103-117 MSLLKNRFLRPGDDS 225-239 GITSWGSEPCALPER 41-58 CTQLGEQCWTARIRA
43-57 QLGEQCWTARIRAVG
105-119 LLKNRFLRPGDDSSH 227-241 TSWGSEPCALPERPS
45-59 GEQCWTARIRAVGLL
107-121 KNRFLRPGDDSSHDL 229-243 WGSEPCALPERPSLY
45 47-61 QCWTARIRAVGLLTV
109-123 RFLRPGDDSSHDLML  231-245 SEPCALPERPSLYTK
49-63 WTARIRAVGLLTVIS
111-125 LRPGDDSSHDLMLLR 233-247 PCALPERPSLYTKVV 51-¢5 ARTRAVGLLTVISKG
113-127 PGDDSSHDLMLLRLS 235-249 ALPERPSLYTKVVHY 350 53-67 IRAVGLLTVISKGCS
115-129 DDSSHDLMLLRLSEP 237-251 PERPSLYTKVVHYRK 55-69 AVGLLTVISKGCSLN
57-71 GLLTVISKGCSLNCV
117-131 SSHDLMLLRLSEPAE 239-253 RPSLYTKVVHYRKWI
55 59-73 LTVISKGCSLNCVDD
119-133 HDLMLLRLSEPAELT 241-255 SLYTKVVHYRKWIKD
61-75 VISKGCSLNCVDDSQ
121-135 LMLLRLSEPAELTDA 243-257 YTKVVHYRKWIKDTI
63-77 SKGCSLNCVDDSQDY
123-137 LLRLSEPAELTDAVK 245-259 KVVHYRKWIKDTIVA 65-79 GCSLNCVDDSQDYYV
60
125-139 RLSEPAELTDAVKVM 247-261 VHYRKWIKDTIVANP 67-81 SLNCVDDSQDYYVGK
69-83 NCVDDSQDY YVGKKN
127-141 SEPAELTDAVKVMDL 249-261 YRKWIKDTIVANP
71-85 VDDSQDYYVGKKNIT
251-261 KWIKDTIVANP 65

73-87 DSQDYYVGKKNITCC
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TABLE 26-continued

PSCA peptide pool: The amino acid position and
sequence of fifteen amino acid peptides
overlapping by thirteen amino acids from PSCA
peptide library is shown.

PSCA peptide pool:

sequence of fifteen amino acid peptides

peptide library is shown.

The amino acid position and

overlapping by thirteen amino acids from PSCA

amino acid no. PSCA peptide sequence amino acid no. PSCA peptide sequence
75-89 QDYYVGKKNITCCDT 95-109 SGAHALQPAAATLAL
77-91 YYVGKKNITCCDTDL 10 07-111 AHALQP ILALLP
79-93 VGKKNITCCDTDLCN
99-113 ALQPAAATILALLPAL

81-95 KKNITCCDTDLCNAS

101-115 QPAAATLALLPALGL
83-97 NITCCDTDLCNASGA 15

103-117 AAATLALLPALGLLL
85-99 TCCDTDLCNASGAHA

105-119 AILALLPALGLLLWG
87-101 CDTDLCNASGAHALQ

107-121 LALLPALGLLLWGPG
89-103 TDLCNASGAHALQPA 20

109-123 LLPALGLLLWGPGQL
91-105 LCNASGAHALQPAAA

111-125 PALGLLLWGPGQL
93-107 NASGAHALQPAAATIL

TABLE 27

IFNy T cell responses induced by the single antigen (Group 1: Ad-PSMA;

Group 2: Ad-PSA; Group 3: Ad-PSCA; Group 4: mix of Ad-PSMA, Ad-PSA and

Ad- PSCA) or triple antigen expressing adenovirus vectors (Group 4: Ad-

733; Group 6: Ad- 734; Group 7: Ad-735; Group &: Ad-796 and Group 9: Ad-
809) after adenovirus prime with anti-CTLA-4 analyzed by ELISPOT assay.

Response to PSMA animal ID
peptides 1 2 3 4 5 6 7 8
Group 1 2356 988 1505 335 501 2145 NA NA
No. 2 342 1776 154 329 158 438 321 NA
3 0 1276 40 126 20 0 NA NA
4 304 1198 774 2007 1277 1310 1159 2774
5 943 2670 2757 780 1082 2251 1566 544
6 472 2092 4248 1369 1760 2964 1447 263
7 2161 2202 939 869 3513 1654 3424 900
8 1166 799 2566 663 1043 497 1334 560
9 1621 3247 2031 980 2942 1882 1918 3805
Response to PSA animal ID
peptides 1 2 3 4 5 6 7 8
Group 1 0 0 0 48 0 42 NA NA
No. 2 1419 1426 298 1223 1346 1120 1694 NA
3 6 462 91 0 77 0 NA NA
4 790 1093 1611 790 186 783 2016 1964
5 101 510 955 665 336 1512 1052 119
6 236 673 2155 724 504 1600 930 83
7 0 1086 494 663 2265 117 1712 84
8 1893 2060 1490 1759 2352 1700 2232 1326
9 1193 1432 207 1738 1886 949 492 1940
Response to PSCA animal ID
peptides 1 2 3 4 5 6 7 8
Group 1 795 425 874 1069 219 203 NA NA
No. 2 669 713 391 199 164 560 461 NA
3 510 1234 1099 1115 1194 339 NA NA
4 778 528 680 1101 165 531 1175 1009
5 378 1061 1161 143 71 756 766 204
6 118 380 1190 403 829 1225 148 261
7 615 1141 794 564 1175 490 856 204
8 968 1136 745 290 550 976 955 841
9 929 434 1150 745 1120 246 1195 970
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TABLE 28

IFNy T cell responses induced by the single antigen (Group 1: PSMA;

Group 2: PSA; Group 3: PSCA; Group 4: mix of PSMA, PSA and PSCA) or triple

and DNA electroporation boost immunizations analyzed by ELISPOT assay.

antigen expressing vectors (Groups 5-9) after adenovirus prime with anti-CTLA-4

Response to PSMA animal ID
peptides 1 2 3 4 5 6 7 8
Group 1 1327 1535 1643 535 1506 1267 NA NA
No. 2 15 266 26 191 10 46 1305 NA
3 0 445 5 75 4 6 NA NA
4 365 675 731 1134 244 714 999 1683
5 270 1623 2254 626 860 2245 1453 1046
6 541 1151 2923 1094 1061 1746 691 489
7 1183 1183 1453 1649 2844 1470 2321 991
8 486 69 399 216 351 758 416 1389
9 1430 2631 2015 475 1368 1826 1851 3141
Response to PSA animal ID
peptides 1 2 3 4 5 6 7 8
Group 1 0 0 0 1 0 26  NA NA
No. 2 1883 1236 1574 393 461 941 1565 NA
3 33 30 9 13 8 11 NA NA
4 571 1129 1180 210 88 274 924 360
5 50 1255 1344 628 210 638 948 1161
6 88 228 1390 489 1006 908 683 51
7 0 211 321 156 1509 56 199 85
8 414 611 85 105 544 1080 331 1883
9 434 821 556 343 1160 510 144 1115
Response to PSCA animal ID
peptides 1 2 3 4 5 6 7 8
Group 1 615 799 533 74 258 61 NA NA
No. 2 194 170 133 133 8 66 405 NA
3 819 1071 873 839 1045 724 NA NA
4 543 506 664 470 70 673 761 1235
5 154 455 1218 109 218 1094 285 569
6 56 293 603 506 745 911 63 165
7 429 298 939 589 1226 263 803 451
8 279 214 871 61 144 511 193 963
9 379 191 1196 73 699 198 616 836
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Example 20
Reduction of STAT3 Phosphorylation by Sunitinib

The following example is provided to illustrate the capa-
bility of sunitinib to directly inhibit the phosphorylation of
STAT3 (signal transducer of activator of transcription 3), a
key mediator of immune suppression in the spleen.

Study Procedure.

The acute effect of Sutent on the phosphorylation status of
STAT3 in the spleen was investigated in a subcutaneous
tumor mouse model to evaluate the direct immunomodula-
tory effects of the compound. Briefly, 10-12 week old female
BALB/meuT mice were implanted with 1le6 TUBO cells
subcutaneously in the right flank. After forty one days post
tumor implant, Sutent was given by oral gavage at 20 mg/kg.
At 0, 1,3, 7 and 24 hrs post Sutent dosing, three animals per
timepoint were sacrificed under IAUCUC guidelines and
spleens were immediately snap frozen in liquid nitrogen to
preserve the phosphorylation status. Spleens from female
BALB/c mice were snap frozen to use as healthy mice
controls.

STAT3 Assay Procedures.

Snap frozen spleens were homogenized at 100 mg tissue
per 500 pL lysis buffer (70 mM NaCl, 50 mM f-glycerol
phosphate, 10 mM HEPES, 1% Triton X-100, 100 mM
Na,VO,, 100 mM PMSF, 1 mg/ml leupeptin) using a

45

50

polytron tissue homogenizer. Resulting digests were centri-
fuged at 10,000 g for 15 minutes. The supernatant was
isolated and protein concentrations were determined using
BCA protein assay kit (Pierce, Rockford, Ill.). Forty micro-
grams of protein were added to each well of either a total
STAT3 (eBioscience, cat no. 85-86101-11) or phosphor-
STAT3 (eBioscience, cat no. 85-86102-11) ELISA Kit. Rela-
tive levels of either protein were compared with standards
provided in the kit and with standards purchased indepen-
dently (Signaling Technologies, cat no. 9333-S).

Results.

Table 29 shows the result of a representative STAT assay
that evaluates the effect of Sutent on the phosphorylation
status of STAT3 in the spleen. Both spleen extracts from
healthy or tumor bearing mice exhibited similar levels of
STAT3 protein by ELISA (Total STAT3). However, com-
pared to healthy BALB/c, the extracts from tumor bearing
mice had significantly higher levels of phosphorylated
STAT3 (Student’s T-test, P<0.001). The phosphorylation
levels rapidly decreased to levels similar to healthy animals
only 1 hr after Sutent treatment and maintained at lower
levels than the untreated mice up to 7 hrs. At 24 hrs the
phosphorylation levels of STAT3 completely recovered to
levels before Sutent treatment. The phosphorylation kinetics
mirrors the levels of circulating Sutent in the blood. The
rapid response of STAT3 phosphorylation in the spleen
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reflecting the pharmacokinetic profile of Sutent suggests a TABLE. 29-continued

direct immunomodulatory function of Sutent in tumor bear-

ing animals.

The relative levels of phosphorylated STAT3 and total STAT3
from healthy BALB/c and tumor bearing BALB/neuT mice

TABLE. 29 5 before or after Sutent treatment at multiple time points.
The relative levels of phosphorylated STAT3 and total ST{\T3 Time Phospho-STAT3 Total STAT3
from healthy BALB/c and tumor bearing BALB/neuT mice
before or after Sutent treatment at multiple time points.
Point, Individual Individual
Time Phospho-STAT3 Total STAT3 10 Strain hrs values Mean SEM values Mean SEM
Point, Individual Individual 3 0.19 0.19 0.02 0.15 0.13  0.02
Strain hrs values Mean SEM  values Mean SEM
0.15 0.09
Balb/c 0 011 009 00l 012 013 0.0 0.22 0.16
0.08 0.12 7 0.19 0.27 0.04 0.10 0.08 0.01
0.09 0.14 15 0.31 0.07
Tumor 0 1L08 131 012 008 009 001 029 0.08
bearing 1.38 0.11
BALB/neuT La6 NA 24 1.54 1.44  0.07 0.08 0.08  0.00
1 026 023 002 012 009 001 1.30 0.08
0.25 0.08 1.47 0.08
0.19 0.08 20

RAW SEQUENCE LISTING

SEQ ID NO: 1. AMINO ACID SEQUENCE OF THE FULL LENGTH HUMAN PSMA
MWNLLHETDSAVATARRPRWLCAGALVLAGGFFLLGFLFGWF IKSSNEATNI TPKHN
MKAFLDELKAENIKKFLYNFTQIPHLAGTEQNFQLAKQIQSQWKEFGLDSVELAHYDV
LLSYPNKTHPNYISIINEDGNEIFNTSLFEPPPPGYENVSDIVPPFSAFSPQGMPEGDL
VYVNYARTEDFFKLERDMKINCSGKIVIARYGKVFRGNKVKNAQLAGAKGVILYSDPA
DYFAPGVKSYPDGWNLPGGGVQRGNILNLNGAGDPLTPGYPANEYAYRRGIAEAVG
LPSIPVHPIGYYDAQKLLEKMGGSAPPDSSWRGSLKVPYNVGPGFTGNFSTQKVKM
HIHSTNEVTRIYNVIGTLRGAVEPDRYVILGGHRDSWVFGGIDPQSGAAVVHEIVRSFE
GTLKKEGWRPRRTILFASWDAEEFGLLGSTEWAEENSRLLQERGVAYINADSSIEGN
YTLRVDCTPLMYSLVHNLTKELKSPDEGFEGKSLYESWTKKSPSPEFSGMPRISKLG
SGNDFEVFFQRLGIASGRARYTKNWETNKFSGYPLYHSVYETYELVEKFYDPMFKYH
LTVAQVRGGMVFELANSIVLPFDCRDYAVVLRKYADKIYSISMKHPQEMKTYSVSFDS
LFSAVKNFTEIASKFSERLQDFDKSNPIVLRMMNDQLMFLERAFIDPLGLPDRPFYRH
VIYAPSSHNKYAGESFPGIYDALFDIESKVDPSKAWGEVKRQIYVAAFTVQAAAETLSE
VA

SEQ ID NO: 2. NUCLEOTIDE SEQUENCE ENCODING THE FULL LENGTH

HUMAN PSMA OF SEQ ID NO: 1
atgtggaatctecttecacgaaaccgacteggetgtggecacegegegecgeecgegetggetgtgegetggggegetygyg
tgctggegggtggettetttetecteggettectettegggtggtttataaaatectecaatgaagetactaacattactecaaa
gcataatatgaaagcatttttggatgaattgaaagctgagaacatcaagaagttcttatataattttacacagataccacatt
tagcaggaacagaacaaaactttcagettgcaaagcaaattcaatcccagtggaaagaatttggectggattetgttgag
ctagcacattatgatgtectgttgtectacccaaataagactcatcccaactacatctcaataattaatgaagatggaaatg
agattttcaacacatcattatttgaaccacctectccaggatatgaaaatgttteggatattgtaccacettteagtgetttetet
ccteaaggaatgecagagggegatctagtgtatgttaactatgecacgaactgaagacttetttaaattggaacgggacat
gaaaatcaattgctctgggaaaattgtaattgecagatatgggaaagttttcagaggaaataaggttaaaaatgeccage
tggcaggggecaaaggagtcattetetactecgacectgetgactactttgetectggggtgaagtectatecagatggtty
gaatcttectggaggtggtgtecagegtggaaatatectaaatetgaatggtgecaggagacectetcacaccaggttace
cagcaaatgaatatgettataggegtggaattgcagaggetgttggtettecaagtattectgttcatecaattggatactatyg
atgcacagaagctectagaaaaaatgggtggetcagecaccaccagatagcagetggagaggaagtctcaaagtgee
ctacaatgttggacctggetttactggaaacttttctacacaaaaagtcaagatgcacatccactctaccaatgaagtgac
aagaatttacaatgtgataggtactctcagaggagcagtggaaccagacagatatgtcattetgggaggtcaccegggac
tcatgggtgtttggtggtattgacectcagagtggagcagetgttgttcatgaaattgtgaggagetttggaacactgaaaa
aggaagggtggagacctagaagaacaattttgtttgcaagetgggatgcagaagaatttggtettettggttetactgagty
ggcagaggagaattcaagactecttcaagagegtggegtggettatattaatgetgactcatectatagaaggaaactaca
ctetgagagttgattgtacacecgetgatgtacagettggtacacaacctaacaaaagagctgaaaagcecctgatgaagyg
ctttgaaggcaaatctctttatgaaagttggactaaaaaaagtcecttecccagagttcagtggecatgeccaggataagea
aattgggatctggaaatgattttgaggtgttettecaacgacttggaattgettecaggcagagcacggtatactaaaaatty
ggaaacaaacaaattcagcggctatccactgtatcacagtgtctatgaaacatatgagttggtggaaaagttttatgatee
aatgtttaaatatcacctcactgtggeccaggttegaggagggatggtgtttgagetagecaattecatagtgeteccttttga
ttgtcgagattatgetgtagttttaagaaagtatgctgacaaaatctacagtatttctatgaaacatccacaggaaatgaag
acatacagtgtatcatttgattcacttttttetgcagtaaagaattttacagaaattgettcecaagttcagtgagagactecagy
actttgacaaaagcaacccaatagtattaagaatgatgaatgatcaactcatgtttctggaaagagcatttattgatccatta
gggttaccagacaggectttttataggecatgtecatetatgetecaagecagecacaacaagtatgecaggggagtcattece
aggaatttatgatgectctgtttgatattgaaagcaaagtggaccecttecaaggectggggagaagtgaagagacagattt
atgttgcagecttcacagtgcaggcagetgecagagactttgagtgaagtagece

SEQ ID NO: 3. AMINO ACID SEQUENCE OF PSMA SHUFFLED ANTIGEN 1
MASARRPRWLCAGALVLAGGFFLLGFLFGWFIKSSSEATNISPQHNVKAFLDEMKAE

NIKKFLYLFTQIPHLAGTEQNFQLAKQIQAEWKEFGLDSVELAHYDVLLSYPNETHPNY
ISIIDEDGNEIFNTSLFEPPPPGYENISDVVPPYSAFSPQGMPEGDLVYVNYARTEDFF
KLERELKINCSGKILIARYGKVFRGNKVKNAQLAGAKGIILYSDPADYFAPGVKSYPDG
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-continued

RAW SEQUENCE LISTING

WNLPGGGVQRGNVLNLNGAGDPLTPGYPANEYAYRRELAEAVGLPSIPVHPIGYYDA
QKLLEKMGGSAPPDSSWKGSLKVPYNVGPGFTGNFSTQKVKMHIHSTNEVTRIYNVI
GTIRGAVEPDRYVILGGHRDAWVFGGIDPQSGAAVVHEIVRSFGTLKKKGWRPRRTII
FASWDAEEFGLLGS TEWAEENSRLLQERGVAYINADSSIEGNYTLRVDCTPLMYSLV
YNLTKELQSPDEGFEGKSLYESWTKKSPSPEFSGVPRINKLGSGNDFEVFFQRLGIAS
GRARYTKNWKTNKFSGYPLYHSVYETYELVEKFYDPMFKYHLTVAQVRGGLVFELAD
SIVLPFDCQDYAVVLRKYADKIYNLAMKHPEELKTYSVSFDSLFSAVKNFTEIASKENQ
RLODFDKNNPLLVRMLNDQLMFLERAFVDPLGLPDRPFYRHVIYAPSSHNKYAGESF
PGIYDALFDIESKVDPSKAWGEVKRQIYVAAFTVQAAAETLSEVA

SEQ ID NO: 4. NUCLEOTIDE SEQUENCE ENCODING AMINO ACID SEQUENCE

OF PSMA SHUFFLED ANTIGEN 1 OF SEQ ID NO: 3
atggctagegecagacggeccagatggetgtgegecggagecctggtgetggecggaggattettectgetgggettect
gtteggetggttcatcaagagcagecagegaggecaccaacatcagececcagecacaacgtgaaggectttetggacyg
agatgaaggccgagaacatcaagaagtttetgtacctgttecacccagatceccccacctggecggcaccgagcagaact
tccagetggecaagcagattecaggetgagtggaaagagtteggectggacagegtggagetggeccactacgacgty
ctgetgtectaccccaacgagacacaccccaactacatcageatcatcgacgaggacggcaacgagattttcaacace
agcctgttegageccecteccectggetacgagaacatetecgacgtggtgececectacagegecttecageectecagy
gaatgcctgaaggegacctggtgtacgtgaactacgeccggacegaggacttettcaagetggaacgggagetgaag
atcaactgcagcggcaagatectgategecagatacggecaaggtgttecggggcaacaaagtgaagaacgcacage
tggctggagccaagggeatcatectgtacagegaceecegecgactacttegecectggegtgaagtectacectgacgyg
ctggaacctgectggeggeggagtgeageggggecaacgtgetgaacctgaacggagecggegacectetgaceeca
ggctacceccegecaacgagtacgectaceggegggagetggecgaageegtgggectgeccageateecegtgeace
ccatcggetactacgacgeccagaaactgetggaaaagatgggeggecagegecectcecgacagecagetggaagyg
gecagcctgaaggtgcecctacaacgtgggecectggetteaceggeaacttcagecacccagaaagtgaagatgeacate
cacagcaccaacgaagtgacceggatctacaacgtgateggeaccatcagaggegecgtggageccgacagatac
gtgatcctgggeggecaccegggacgectgggtgt teggeggeategaceeccagageggageegeegtggtgeacyg
agatcgtgeggagetteggeacectgaagaagaagggetggeggeccagacggaceatcatettegecagetgggac
gecgaggaatteggactgetgggetetacegagtgggecgaggaaaacageagactgetgeaggaacggggegteg
cctacatcaacgccgacagetecategagggcaactacacectgegggtggactgeaccecectgatgtacagectygyg
tgtacaacctgaccaaagagctgcagagecccgacgagggettegagggecaagagectgtacgagagetggacca
agaagtcccccagecccgagttecageggegtgececeggat caacaagetgggeageggcaacgact tegaggtgtte
ttccagaggctgggeattgecageggcagageceggtacaccaagaactggaaaaccaacaagttetecggetacee
cctgtaccacagegtgtacgagacatacgaactggtggagaagttetacgaccecatgttcaagtaccacctgacegty
geccaggteeggggagggetggtgttegaactggecgacageategtgetgeccttegactgecaggactatgetgtggt
getgeggaagtacgecgacaaaatctacaacctggecatgaagecaccecgaggaactgaaaacctacagegtgtect
tcgacagectgtteagegecgtgaagaacttcacegagategecagecaagttcaaccageggetgeaggacttegaca
agaacaaccccctgetggtecggatgetgaacgaccagetgatgttectggaacgggecttegtggaceeectgggect
gectgaceggeccttetaceggcacgtgatctatgeccccageagecacaacaagtacgetggegagagetteceegg
catctacgatgecctgttegacategagagcaaggtggaceecagecaaggectggggegaagtgaageggceagatat
acgtggeegectteacagtgecaggecgetgecgagacactgagegaggtggece

SEQ ID NO: 5. AMINO ACID SEQUENCE OF PSMA SHUFFLED ANTIGEN 2
MASARRPRWLCAGALVLAGGFFLLGFLFGWFIKSSSEATNITPQHNVKAFLDELKAEN
IKKFLYNFTQIPHLAGTEQNFELAKQIQAQWKEFGLDSVELSHYDVLLSYPNETHPNY I
SIIDEDGNEIFNTSLFEPPPPGYENISDVVPPYSAFSPQGMPEGDLVYVNYARTEDFFK
LERDMKINCSGKILIARYGKVFRGNKVKNAQLAGAKGIILYSDPADYFAPGVKSYPDG
WNLPGGGVQRGNVLNLNGAGDPLTPGYPANEYAYRRGIAEAVGLPSIPVHPIGYYDA
QKLLEKMGGAAPPDSSWKGSLQVPYNVGPGFTGNFSTQKVKMHIHSTNEVTRIYNVI
GTLKGAVEPDRYVILGGHRDAWVFGGIDPQSGAAVVHEIVRSFGTLKKKGWRPRRTI
LFASWDAEEFGLLGSTEWAEENSRLLQERGVAYINADSSIEGNYTLRVDCTPLMYSL
VYNLTKELQSPDEGFEGKSLFDSWTEKSPSPEFSGLPRISKLGSGNDFEVFFQRLGIA
SGRARYTKDWKTSKFSGYPLYHSVYETYELVEKFYDPMFKYHLTVAQVRGGIVFELA
NSVVLPFDCQDYAVVLKKYADKIYNISMKHPQEMKTYSVSFDSLFSAVKNFTEIASKF
NQRLODFDKNNP ILLRMMNDQLMFLERAFIDPLGLPDRPFYRHVIYAPSSHNKYAGES
FPGIYDALFDIESKVDPSKAWGEVKRQIYVAAFTVQAAAETLSEVA

SEQ ID NO: 6. NUCLEOTIDE SEQUENCE ENCODING AMINO ACID SEQUENCE

OF PSMA SHUFFLED ANTIGEN 2 OF SEQ ID NO: 5
atggctagegecagacggeccagatggetgtgtgetggegeectggtgetggetggeggetttttectgetgggettectgtt
cggetggtteatcaagagecageagegaggecaccaacatcaceccccagecacaacgtgaaggectttetggacgag
ctgaaggccgagaatatcaagaagttectgtacaacttcacccagatceccccacctggecggeaccgageagaactte
gagctggecaagcagatccaggeccagtggaaagagttcggectggacagegtggaactgagecactacgacgtge
tgctgagctaccccaacgagacacaccecaactacatcageatcategacgaggacggcaacgagattttcaacace
agcctgttegageccectecaceceggetacgagaacatcagegacgtggtgecccectacagegcattecagtecacag
ggaatgcccgagggcgacctggtgtacgtgaactacgeceggaccgaggacttettcaagetggaacgggacatgaa
gatcaactgcagcggcaagatcectgategecagatacggcaaggtgtteeggggecaacaaagtgaagaacgeccag
ctggcaggegecaagggeatecatectgtacagegacecegecgactacttegeceetggegtgaagtectaceecgac
ggctggaacctgectggeggeggagtgcagaggggcaacgtgetgaacctgaacggegetggegacectetgacee
ctggctaccecgecaacgagtacgectacagacggggaategeegaggeegtgggectgectageateectgtgeac
cccateggcetactacgacgeccagaaactgetggaaaagatgggeggagecgececteccgacagetettggaagyg
gecagcctgcaggtecectacaacgtgggecctggetteaceggeaacttcagecacccagaaagtgaagatgeacatee
acagcaccaacgaagtgacccggatctacaacgtgateggecaccctgaagggegecgtggaacccgacagatacgt
gatcctgggeggecaccegggacgectgggtgtteggaggeategacect cagageggegetgeegtggtgeacgaga
tegtgeggagetteggecacactgaagaagaagggcetggeggeccagacggaccatectgttegecagetgggacgee
gaggaattcggectgetgggcageaccgagtgggecgaggaaaacagteggetgetgeaggaacggggegtegect
acatcaacgccgacagcagcategagggcaactacacectgegggtggactgeacececctgatgtacagectggty
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tacaacctgaccaaagagctgcagagecccgacgagggettegagggecaagteectgttegacteectggaccgagaa
gtcceccageccecgagttecageggectgeccagaat cageaagetgggeageggecaacgacttegaggtgttetteca
geggcetgggaatcgecageggcagageceggtacaccaaggactggaaaaccagecaagttetecggetacecectyg
taccacagcgtgtacgagacatacgagetggtggaaaagttetacgaccecatgttcaagtaccacctgacegtggece
aggtccgaggeggcategtgttegaactggecaacagegtggtgetgecattegattgtecaggactacgeegtggtgety
aagaagtacgccgacaaaatctacaacatcagcatgaagcacccccaggaaatgaaaacctacagegtgtectteg
acagcctgttcagegecgtgaagaatttcaccgagategectecaagttcaaccagagactgcaggacttegacaaga
acaaccccatcctgetgeggatgatgaacgaccagetgatgttectggaacgggecttcategacecectgggectgee
cgaccggeccttttaceggeacgtgatetatgececcageagecacaacaaatacgecggegagagtttecceggeat
ctacgatgeectgttegatategagageaaggtggaccecagcaaggectggggegaagtgaageggcagatttacgt
ggcegeatteacagtgcaggetgetgecgagacactgagegaggtggee

SEQ ID NO: 7. AMINO ACID SEQUENCE OF PSMA SHUFFLED ANTIGEN 3
MASARRPRWLCAGALVLAGGFFLLGFLFGWFIKSSNEATNITPKHNMKAFLDELKAE
NIKKFLYNFTQIPHLAGTEQNFQLAKQIQSQWKEFGLDSVELAHYDVLLSYPNKTHPN
YISIINEDGNEIFNTSLFEPPPPGYENVSDIVPPFSAFSPQGMPEGDLVYVNYARTEDF
FKLERDMKINCSGKIVIARYGKVFRGNKVKNAQLAGAKGVILYSDPADYFAPGVKSYP
DGWNLPGGGVQRGNILNLNGAGDPLTPGYPANEYAYRRGIAEAVGLPSIPVHPIGYY
DAQKLLEKMGGSAPPDSSWRGSLKVPYNVGPGFTGNFSAQKLKLHIHSNTKVTRIYN
VIGTLRGAVEPDRYVILGGHRDSWVFGGIDPQSGAAVVHEIVRTFGTLKKKGWRPRR
TILFASWDAEEFGLLGSTEWAEENSRLLOQERGVAYINADSSIEGNYTLRVDCTPLLHS
LVYNLTKELKSPDEGFEGKSLYESWTKKSPSPELSGLPRISKLGSGNDFEVFFQRLGI
SSGRARYTKDWKTSKFSSYPLYHSIYETYELVVKFYDPMFKYHLTVAQVRGGMVFEL
ANSIVLPFDCRDYAVALKNHAENLYSISMKHPQEMKTYSVSFDSLFSAVKNFTEIASKF
SERLQDFDKSNPIVLRMMNDQLMFLERAFIDPLGLPDRPFYRHVIYAPSSHNKYAGES
FPGIYDALFDIESKVDPSKAWGEVKRQIYVAAFTVQAAAETLSEVA

SEQ ID NO: 8. NUCLEOTIDE SEQEUNCE ENCODING AMINO ACID SEQUENCE

OF PSMA SHUFFLED ANTIGEN 3 OF SEQ ID NO: 7
atggctagegecagacggeccagatggetgtgtgetggegeectggtgetggetggeggetttttectgetgggettectgtt
cggetggtteatcaagagecagecaacgaggecaccaacatcaceccccaagcecacaacatgaaggectttetggacgag
ctgaaggccgagaatatcaagaagttectgtacaacttcacccagatceccccacctggecggeaccgageagaactte
cagctggecaagcagatccagagecagtggaaagagtteggectggacagegtggaactggeccactacgacgtge
tgctgagctaccccaacaagacccaccecaactacatcageatcatcaacgaggacggcaacgagattttcaacace
agcctgttegageccectecacceggetacgagaacgtgtecgacategtgececcattecagegeattcagtecacagyg
gaatgcccgagggegacctggtgtacgtgaactacgeccggacegaggacttettcaagetggaacgggacatgaag
atcaactgcagcggcaagategtgategecagatacggecaaggtgttecggggcaacaaagtgaagaacgeccage
tggcaggegecaagggegtgatectgtatagegaceecgeegactacttegecectggegtgaagtectaceecgacy
getggaacctgectggeggeggagtgcageggggcaacatectgaacctgaacggegetggegaceeectgaceect
ggctatcccegecaacgagtacgectacagacggggaategeegaggeegtgggectgectageateectgtgeacee
catcggctactacgacgeccagaaactgetggaaaagatgggeggeagegeecctecegatagetettggagaggea
gectgaaggtgecctacaacgtgggecctggettcaceggecaacttecagegeccagaagetgaagetgeacatcecaca
gcaacaccaaagtgacceggatctacaacgtgatecggecacectgagaggegecgtggaacecgacagatacgtgat
cetgggeggecacegggacagetgggtgtteggeggeategacectecagtetggegeegetgtggtgeacgagategt
geggacctttggcacectgaagaagaagggcetggeggeccagacggaccatectgttegecagetgggacgecgag
gaattcggectgetgggcageacegagtgggecgaggaaaacagteggetgetgeaggaacggggegtegectaca
tcaacgccgacagcagecatcgagggcaactacacectgegggtggactgeaccecectgetgecacagectggtgtac
aacctgaccaaagagctgaagteccccgacgagggettegagggcaagagectgtacgagagetggaccaagaag
tcececcageccegagetgageggectgeccagaatcagecaagetgggecageggcaacgacttegaggtgttettecag
cggetgggeatcagecageggecagageceggtacaccaaggactggaaaaccagcaagttcagcagetaceecectgt
accacagcatctacgagacatacgagetggtggtcaagttetacgaceccatgttcaagtaccacetgacegtggecca
ggtccgaggeggcatggtgttegagetggecaacagecategtgetgeecttegactgecgggactacgeegtggeectyg
aagaaccacgccgagaacctgtacagecatcagecatgaagcacccccaggaaatgaaaacctacagegtgtectteg
acagcctgttcagegecgtgaagaatttcaccgagategectecaagttcagegageggetgcaggacttegacaaga
gcaaccccatcegtgctgagaatgatgaacgaccagetgatgttectggaacgggectteategaceecectgggectgece
cgaccggeccttttaceggeacgtgatetatgececcageagecacaacaaatacgecggegagagtttecceggeat
ctacgatgecectgttegacatcegagagcaaggtggaceccagecaaggectggggegaagtgaageggceagatttacy
tggccgcattcacagtgeaggecgetgecgagacactgagegaggtggece

SEQ ID NO: 9. AMINO ACID SEQUENCE OF A MEMBRANE-BOUND PSMA
ANTIGEN
MASARRPRWLCAGALVLAGGFFLLGFLFGWFIKSSNEATNITPKHNMKAFLDELKAE
NIKKFLYNFTQIPHLAGTEQNFQLAKQIQSQWKEFGLDSVELAHYDVLLSYPNKTHPN
YISIINEDGNEIFNTSLFEPPPPGYENVSDIVPPFSAFSPQGMPEGDLVYVNYARTEDF
FKLERDMKINCSGKIVIARYGKVFRGNKVKNAQLAGAKGVILYSDPADYFAPGVKSYP
DGWNLPGGGVQRGNILNLNGAGDPLTPGYPANEYAYRRGIAEAVGLPSIPVHPIGYY
DAQKLLEKMGGSAPPDSSWRGSLKVPYNVGPGFTGNFSTQKVKMHIHSTNEVTRIY
NVIGTLRGAVEPDRYVILGGHRDSWVFGGIDPQSGAAVVHEIVRSFGTLKKEGWRPR
RTILFASWDAEEFGLLGSTEWAEENSRLLQERGVAYINADSSIEGNYTLRVDCTPLMY
SLVHNLTKELKSPDEGFEGKSLYESWTKKSPSPEFSGMPRISKLGSGNDFEVEFFQRL
GIASGRARYTKNWETNKFSGYPLYHSVYETYELVEKFYDPMFKYHLTVAQVRGGMV
FELANSIVLPFDCRDYAVVLRKYADKIYSISMKHPQEMKTYSVSFDSLEFSAVKNFTEIA
SKFSERLQDFDKSNPIVLRMMNDQLMFLERAFIDPLGLPDRPFYRHVIYAPSSHNKYA
GESFPGIYDALFDIESKVDPSKAWGEVKRQIYVAAFTVQAAAETLSEVA
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SEQ ID NO: 10. NUCLEOTIDE SEQEUNCE ENCODING AMINO ACID SEQUENCE

OF THE MEMBRANE-BOUND PSMA ANTIGEN OF SEQ ID NO: 9
atggctagegegegecgecaegaegetggetgtgegetggggegetggtgetggegggtggettetttetecteggettectett
cgggtggtttataaaatcctecaatgaagetactaacattactccaaagcataatatgaaagcatttttggatgaattgaaa
getgagaacatcaagaagttcttatataattttacacagataccacatttagcaggaacagaacaaaactttcagettgea
aagcaaattcaatcccagtggaaagaatttggectggattetgttgagetggcacattatgatgtectgttgtectaceccaaa
taagactcatcccaactacatctcaataattaatgaagatggaaatgagattttcaacacatcattatttgaaccacctecte
caggatatgaaaatgtttcggatattgtaccacctttecagtgetttetetectcaaggaatgecagagggegatetagtgtat
gttaactatgcacgaactgaagacttctttaaattggaacgggacatgaaaatcaattgetetgggaaaattgtaattgeca
gatatgggaaagttttcagaggaaataaggttaaaaatgcccagetggcaggggecaaaggagteattetetactecga
cectgetgactactttgetectggggtgaagtectatecagatggttggaatettectggaggtggtgtecagegtggaaata
tcctaaatctgaatggtgecaggagacectcetcacaccaggttacccagcaaatgaatatgettataggegtggaattgea
gaggctgttggtcttecaagtattectgttcatecaattggatactatgatgecacagaagetectagaaaaaatgggtgget
cagcaccaccagatagcagctggagaggaagtctcaaagtgecctacaatgttggacctggetttactggaaacttttet
acacaaaaagtcaagatgcacatccactctaccaatgaagtgacaagaatttacaatgtgataggtactctcagagga
gecagtggaaccagacagatatgtcattetgggaggtcacegggactecatgggtgtttggtggtattgacectcagagtygg
agcagctgttgttcatgaaattgtgaggagetttggaacactgaaaaaggaagggtggagacctagaagaacaattttgt
ttgcaagctgggatgcagaagaatttggtettettggttetactgagtgggcagaggagaattcaagactecttcaagage
gtggcgtggettatattaatgetgactcatctatagaaggaaactacactetgagagttgattgtacacegetgatgtacag
cttggtacacaacctaacaaaagagctgaaaagecctgatgaaggcetttgaaggcaaatcetetttatgaaagttggacta
aaaaaagtccttecccagagttecagtggeatgeccaggataagcaaattgggatetggaaatgattttgaggtgttettee
aacgacttggaattgcttcaggcagagcacggtatactaaaaattgggaaacaaacaaattcageggcetatcecactgta
tcacagtgtctatgaaacatatgagttggtggaaaagttttatgatccaatgtttaaatatcacctcactgtggeccaggtteg
aggagggatggtgtttgagetggecaattecatagtgeteccttttgattgtegagattatgetgtagttttaagaaagtatget
gacaaaatctacagtatttctatgaaacatccacaggaaatgaagacatacagtgtatcatttgattcacttttttetgeagta
aagaattttacagaaattgctteccaagttcagtgagagacteccaggactttgacaaaagcaacccaatagtattaagaat
gatgaatgatcaactcatgtttctggaaagagcatttattgatcecattagggttaccagacaggectttttataggcatgteat
ctatgctecaagcagecacaacaagtatgecaggggagtcatteccaggaatttatgatgetetgtttgatattgaaagecaa
agtggacccttecaaggectggggagaagtgaagagacagatttatgttgecagecttecacagtgcaggcagetgcaga
gactttgagtgaagtagce

SEQ ID NO: 11. AMINO ACID SEQUENCE OF A CYTOSOLIC PSMA ANTIGEN
MASKSSNEATNI TPKHNMKAFLDELKAENIKKFLYNFTQIPHLAGTEQNFQLAKQIQSQ
WKEFGLDSVELAHYDVLLSYPNKTHPNYISIINEDGNEIFNTSLFEPPPPGYENVSDIVP
PFSAFSPQGMPEGDLVYVNYARTEDFFKLERDMKINCSGKIVIARYGKVFRGNKVKN
AQLAGAKGVILYSDPADYFAPGVKSYPDGWNLPGGGVQRGNILNLNGAGDPLTPGY
PANEYAYRRGIAEAVGLPSIPVHPIGYYDAQKLLEKMGGSAPPDS SWRGSLKVPYNV
GPGFTGNFSTQKVKMHIHSTNEVTRIYNVIGTLRGAVEPDRYVILGGHRDSWVFGGID
PQSGAAVVHEIVRSFGTLKKEGWRPRRTILFASWDAEEFGLLGSTEWAEENSRLLQE
RGVAYINADSSIEGNYTLRVDCTPLMYSLVHNLTKELKSPDEGFEGKSLYESWTKKSP
SPEFSGMPRISKLGSGNDFEVFFQRLGIASGRARYTKNWETNKFSGYPLYHSVYETY
ELVEKFYDPMFKYHLTVAQVRGGMVFELANSIVLPFDCRDYAVVLRKYADKIYSISMK
HPQEMKTYSVSFDSLFSAVKNFTEIASKFSERLQDFDKSNPIVLRMMNDQLMFLERAF
IDPLGLPDRPFYRHVIYAPSSHNKYAGESFPGIYDALFDIESKVDPSKAWGEVKRQIYV
AAFTVQAAAETLSEVA

SEQ ID NO: 12. NUCLEOTIDE SEQEUNCE ENCODING AMINO ACID SEQUENCE

OF THE CYTOSOLIC PSMA ANTIGEN OF SEQ ID NO: 11
atggctagcaaatcctecaatgaagectactaacattactecaaagecataatatgaaagcatttttggatgaattgaaaget
gagaacatcaagaagttcttatataattttacacagataccacatttagcaggaacagaacaaaactttcagettgcaaa
gcaaattcaatcccagtggaaagaatttggectggattetgttgagetggecacattatgatgtectgttgtectacccaaata
agactcatcccaactacatctcaataattaatgaagatggaaatgagattttcaacacatcattatttgaaccacctectee
aggatatgaaaatgtttceggatattgtaccacctttecagtgetttetetectcaaggaatgecagagggegatetagtgtatgt
taactatgcacgaactgaagacttctttaaattggaacgggacatgaaaatcaattgetetgggaaaattgtaattgecag
atatgggaaagttttcagaggaaataaggttaaaaatgcccagetggecaggggecaaaggagteattetetactecgac
cctgetgactactttgetectggggtgaagtectatecagatggttggaatettectggaggtggtgtecagegtggaaatat
cctaaatctgaatggtgeaggagacectetcacaccaggttacccagcaaatgaatatgettataggegtggaattgeag
aggctgttggtettecaagtattectgttecatecaattggatactatgatgcacagaagetectagaaaaaatgggtggete
agcaccaccagatagcagctggagaggaagtctcaaagtgecctacaatgttggacctggetttactggaaactttteta
cacaaaaagtcaagatgcacatccactctaccaatgaagtgacaagaatttacaatgtgataggtactcetcagaggag
cagtggaaccagacagatatgtcattetgggaggtcacegggactcatgggtgtttggtggtattgacectcagagtgga
gecagctgttgttcatgaaattgtgaggagetttggaacactgaaaaaggaagggtggagacctagaagaacaattttgttt
gcaagctgggatgcagaagaatttggtettettggttetactgagtgggcagaggagaattcaagactecttcaagagegt
ggcgtggettatattaatgetgactcatctatagaaggaaactacactetgagagttgattgtacacegetgatgtacagett
ggtacacaacctaacaaaagagctgaaaagccctgatgaaggetttgaaggcaaatetetttatgaaagttggactaaa
aaaagtccttecccagagttecagtggeatgeccaggataagecaaattgggatetggaaatgattttgaggtgttettecaa
cgacttggaattgettcaggcagagcacggtatactaaaaattgggaaacaaacaaattcageggcetatcecactgtate
acagtgtctatgaaacatatgagttggtggaaaagttttatgatccaatgtttaaatatcacctcactgtggeccaggttega
ggagggatggtgtttgagctggecaattecatagtgeteecttttgattgtegagattatgetgtagttttaagaaagtatgetyg
acaaaatctacagtatttctatgaaacatccacaggaaatgaagacatacagtgtatcatttgattcacttttttetgcagtaa
agaattttacagaaattgcttccaagttcagtgagagactccaggactttgacaaaagcaacccaatagtattaagaatyg
atgaatgatcaactcatgtttctggaaagagecatttattgatccattagggttaccagacaggectttttataggcatgtecatet
atgctccaagcagccacaacaagtatgeaggggagtcatteccaggaatttatgatgetetgtttgatattgaaagcaaa
gtggacccttcecaaggectggggagaagtgaagagacagatttatgttgeagecttcacagtgecaggecagetgecagag
actttgagtgaagtagec
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SEQ ID NO: 13. AMINO ACID SEQUENCE OF A SECRETED PSMA ANTIGEN
MASETDTLLLWVLLLWVPGSTGDAAKSSNEATNI TPKHNMKAFLDELKAENIKKFLYN
FTQIPHLAGTEQNFQLAKQIQSQWKEFGLDSVELAHYDVLLSYPNKTHPNYISIINEDG
NEIFNTSLFEPPPPGYENVSDIVPPFSAFSPQGMPEGDLVYVNYARTEDFFKLERDMK
INCSGKIVIARYGKVFRGNKVKNAQLAGAKGVILYSDPADYFAPGVKSYPDGWNLPG
GGVQRGNILNLNGAGDPLTPGYPANEYAYRRGIAEAVGLPSIPVHPIGYYDAQKLLEK
MGGSAPPDSSWRGSLKVPYNVGPGF TGNFSTQKVKMHIHSTNEVTRIYNVIGTLRGA
VEPDRYVILGGHRDSWVFGGIDPQSGAAVVHEIVRSFGTLKKEGWRPRRTILFASWD
AEEFGLLGSTEWAEENSRLLQERGVAYINADSSIEGNYTLRVDCTPLMYSLVHNLTKE
LKSPDEGFEGKSLYESWTKKSPSPEFSGMPRISKLGSGNDFEVFFQRLGIASGRARY
TKNWETNKFSGYPLYHSVYETYELVEKFYDPMFKYHLTVAQVRGGMVFELANSIVLP
FDCRDYAVVLRKYADKIYSISMKHPQEMKTYSVSFDSLFSAVKNFTEIASKFSERLQD
FDKSNPIVLRMMNDQLMFLERAFIDPLGLPDRPFYRHVIYAPSSHNKYAGESFPGIYD
ALFDIESKVDPSKAWGEVKRQIYVAAFTVQAAAETLSEVA

SEQ ID NO: 14. NUCLEOTIDE SEQUENCE ENCODING AMINO ACID SEQUENCE

OF THE SECRETED PSMA ANTIGEN OF SEQ ID NO: 13
atggctagcgaaaccgacactttgttgttgtgggtgettttgetttgggtacceggatctactggtgatgetgetaaatecteca
atgaagctactaacattactccaaagcataatatgaaagecatttttggatgaattgaaagctgagaacatcaagaagttet
tatataattttacacagataccacatttagcaggaacagaacaaaactttcagcettgcaaagcaaattcaatcccagtyyg
aaagaatttggectggattetgttgagetageacattatgatgtectgttgtectaceccaaataagactcateccaactacat
ctcaataattaatgaagatggaaatgagattttcaacacatcattatttgaaccacctcectecaggatatgaaaatgtttegy
atattgtaccacctttcagtgetttetetectcaaggaatgecagagggegatetagtgtatgttaactatgecacgaactgaa
gacttctttaaattggaacgggacatgaaaatcaattgctetgggaaaattgtaattgecagatatgggaaagttttcagag
gaaataaggttaaaaatgcccagcetggcaggggcecaaaggagteattetetactecgacectgetgactactttgetect
ggggtgaagtcctatccagatggttggaatettectggaggtggtgtecagegtggaaatatectaaatetgaatggtgea
ggagaccctetcacaccaggttacccagcaaatgaatatgettataggegtggaattgeagaggetgttggtettecaagt
attcctgttcatccaattggatactatgatgecacagaagetectagaaaaaatgggtggetcagecaccaccagatageag
ctggagaggaagtctcaaagtgecctacaatgttggacectggetttactggaaacttttetacacaaaaagtcaagatge
acatccactctaccaatgaagtgacaagaatttacaatgtgataggtactctcagaggagcagtggaaccagacagat
atgtcattctgggaggtcaccgggacteatgggtgtttggtggtattgacectcagagtggageagetgttgttecatgaaatt
gtgaggagctttggaacactgaaaaaggaagggtggagacctagaagaacaattttgtttgecaagetgggatgcagaa
gaatttggtcttettggttetactgagtgggcagaggagaattcaagactecttecaagagegtggegtggettatattaatget
gactcatctatagaaggaaactacactctgagagttgattgtacacegetgatgtacagettggtacacaacctaacaaa
agagctgaaaagccctgatgaaggetttgaaggcaaatctetttatgaaagttggactaaaaaaagtecttecccagagt
tcagtggcatgeccaggataagcaaattgggatetggaaatgattttgaggtgttetteccaacgacttggaattgetteagy
cagagcacggtatactaaaaattgggaaacaaacaaattcageggcetatecactgtatcacagtgtctatgaaacatat
gagttggtggaaaagttttatgatccaatgtttaaatatcacctecactgtggeccaggttegaggagggatggtgtttgaget
agccaattccatagtgetececttttgattgtegagattatgetgtagttttaagaaagtatgectgacaaaatctacagtattteta
tgaaacatccacaggaaatgaagacatacagtgtatcatttgattcacttttttetgecagtaaagaattttacagaaattgett
ccaagttcagtgagagactcecaggactttgacaaaagcaacccaatagtattaagaatgatgaatgatcaactcatgttt
ctggaaagagcatttattgatccattagggttaccagacaggectttttataggcatgtcatctatgetecaagcagecaca
acaagtatgcaggggagtcattcccaggaatttatgatgetetgtttgatattgaaagcaaagtggaccecttecaaggect
ggggagaagtgaagagacagatttatgttgcagecttcacagtgcaggcagetgecagagactttgagtgaagtagee

SEQ ID NO: 15. AMINO ACID SEQUENCE OF THE FULL LENGTH HUMAN PSA
MASWVPVVFLTLSVTWIGAAPLILSRIVGGWECEKHSQPWQVLVASRGRAVCGGVLV
HPOWVLTAAHCIRNKSVILLGRHSLFHPEDTGQVFQVSHSFPHPLYDMSLLKNRFLRP
GDDSSHDLMLLRLSEPAELTDAVKVMDLPTQEPALGTTCYASGWGSIEPEEFLTPKK
LQCVDLHVISNDVCAQVHPQKVTKFMLCAGRWTGGKSTCSGDSGGPLVCNGVLQGI
TSWGSEPCALPERPSLYTKVVHYRKWIKDTIVANP

SEQ ID NO: 16. NUCLEOTIDE SEQUENCE ENCODING AMINO ACID SEQUENCE

OF THE FULL LENGTH HUMAN PSA OF SEQ ID NO: 15
atggctagetgggteceggttgtettectecacectgteegtgacgtggattggegetgegececteatectgteteggattgty
ggaggctgggagtgcgagaagcatteccaacectggecaggtgettgtggectetegtggeagggeagtetgeggeggt
gttetggtgcacceccagtgggtectcacagetgeccactgeatcaggaacaaaagegtgatettgetgggteggeaca
gettgtttcatectgaagacacaggecaggtattteaggtcagecacagetteccacaccegetetacgatatgagectect
gaagaatcgattcctcaggecaggtgatgactecagecacgaccteatgetgeteecgectgtcagagectgecgagete
acggatgctgtgaaggtcatggacctgeccacccaggagecageactggggaccacctgetacgectcaggetgggy
cagcattgaaccagaggagttettgaccccaaagaaacttcagtgtgtggacctecatgttatttecaatgacgtgtgtgeyg
caagttcaccctcagaaggtgaccaagttecatgetgtgtgetggacgetggacagggggcaaaageacctgetegggt
gattctgggggeccacttgtetgtaatggtgtgettcaaggtatcacgtcatggggeagtgaaccatgtgeectgecegaa
aggccttecctgtacaccaaggtggtgeattaceggaagtggatcaaggacaccategtggecaaceee

SEQ ID NO: 17. AMINO ACID SEQUENCE OF A CYTOSOLIC PSA ANTIGEN
MASIVGGWECEKHSQPWQVLVASRGRAVCGGVLVHPQWVLTAAHCIRNKSVILLGR
HSLFHPEDTGQVFQVSHSFPHPLYDMSLLKNRFLRPGDDS SHDLMLLRLSEPAELTD
AVKVMDLPTQEPALGTTCYASGWGSIEPEEFLTPKKLQCVDLHVISNDVCAQVHPQK
VTKFMLCAGRWTGGKSTCSGDSGGPLVCNGVLQGITSWGSEPCALPERPSLYTKVV
HYRKWIKDTIVANP

SEQ ID NO: 18. NUCLEOTIDE SEQEUNCE ENCODING AMINO ACID SEQUENCE

OF THE CYTOSOLIC PSA ANTIGEN OF SEQ ID NO: 17
atggctagcattgtgggaggctgggagtgegagaagecatteccaaccetggeaggtgettgtggectetegtggeaggy
cagtctgeggeggtgttetggtgeaceeccagtgggtectcacagetgeccactgeatcaggaacaaaagegtgatetty
ctgggteggeacagettgttteatectgaagacacaggecaggtatttcaggtcagecacagetteccacaceegetetac
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gatatgagcctectgaagaatcegattecteaggecaggtgatgactecagecacgaccteatgetgetecgectgtecaga
gectgecgagetcacggatgetgtgaaggtcatggacetgeccacecaggagecageactggggaccacetgetacg
ccteaggetggggcageattgaaccagaggagttettgaceccaaagaaacttecagtgtgtggacetecatgttattteca
atgacgtgtgtgcgcaagttcaccectcagaaggtgaccaagttcatgetgtgtgetggacgetggacagggggcaaaa
gecacctgetegggtgattetgggggeccacttgtetgtaatggtgtgettecaaggtatcacgtecatggggecagtgaaceaty
tgccctgeccgaaaggecttecctgtacaccaaggtggtgeattaceggaagtggatcaaggacaccategtggecaa
cecee

SEQ ID NO: 19. AMINO ACID SEQUENCE OF A MEMBRANE-BOUND PSA
ANTIGEN
MASARRPRWLCAGALVLAGGFFLLGFLFGWFIKSSNEATNITPGIVGGWECEKHSQP
WQVLVASRGRAVCGGVLVHPQWVLTAAHCIRNKSVILLGRHSLFHPEDTGQVFQVS
HSFPHPLYDMSLLKNRFLRPGDDSSHDLMLLRLSEPAELTDAVKVMDLPTQEPALGT
TCYASGWGSIEPEEFLTPKKLQCVDLHVISNDVCAQVHPQKVTKFMLCAGRWTGGK
STCSGDSGGPLVCNGVLQGITSWGSEPCALPERPSLYTKVVHYRKWIKDTIVANP

SEQ ID NO: 20. NUCLEOTIDE SEQUENCE ENCODING AMINO ACID SEQUENCE

OF THE MEMBRANE-BOUND PSA ANTIGEN OF SEQ ID NO: 19
atggctagegegegecgecaegaegetggetgtgegetggggegetggtgetggegggtggettetttetecteggettectett
cgggtggtttataaaatcctecaatgaagetactaacattactccaggaattgtgggaggctgggagtgegagaageatt
cccaaccctggcaggtgettgtggectetegtggeagggeagt ctgeggeggtgttetggtgecacececagtgggtecte
acagctgeccactgcatcaggaacaaaagegtgatettgetgggteggecacagettgtttcatectgaagacacaggee
aggtatttcaggtcageccacagetteccacacecgetetacgatatgagectectgaagaatcegattectcaggecaggt
gatgactccagccacgacctcatgetgetecgectgteagagectgecgaget cacggatgetgtgaaggtcatggace
tgcccacccaggagecagecactggggaccacctgetacgectcaggetggggecageat tgaaccagaggagttetty
accccaaagaaacttcagtgtgtggacctecatgttatttecaatgacgtgtgtgegeaagttecaccctcagaaggtgace
aagttcatgetgtgtgetggacgetggacagggggcaaaagecacctgetegggtgattetgggggeccacttgtetgtaat
ggtgtgcttcaaggtatcacgtcatggggcagtgaaccatgtgecctgeccgaaaggectteectgtacaccaaggtggt
gecattaccggaagtggatcaaggacaccategtggecaaccectga

SEQ ID NO: 21. AMINO ACID SEQUENCE OF THE FULL LENGTH HUMAN PSCA
MASKAVLLALLMAGLALQPGTALLCYSCKAQVSNEDCLQVENCTQLGEQCWTARIRA
VGLLTVISKGCSLNCVDDSQDYYVGKKNITCCDTDLCNASGAHALQPAAATLALLPAL
GLLLWGPGQL

SEQ ID NO: 22. NUCLEOTIDE SEQUENCE ENCODING AMINO ACID SEQUENCE

OF THE FULL LENGTH HUMAN PSCA OF SEQ ID NO: 21
atggctagcaaggctgtgetgettgecctgttgatggeaggettggecctgeagecaggeactgeectgetgtgetactect
gcaaagcccaggtgagcaacgaggactgectgcaggtggagaactgecacecagetgggggageagtgetggaceg
cgegeatecgegeagttggectectgacegteatcagecaaaggetgecagettgaactgegtggatgactcacaggacta
ctacgtgggcaagaagaacatcacgtgetgtgacaccgacttgtgecaacgecageggggeccatgecctgeageegyg
ctgcegecatecttgegetgetecctgeacteggectgetgetetggggacceggecageta

SEQ ID NO: 23. NUCLEOTIDE SEQUENCE OF PLASMID 5166
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
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TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCGCGCGCCGCCCGCGCTGGCTGTGCGCTGGGGCGCTGGTGCTGGCG
GGTGGCTTCTTTCTCCTCGGCTTCCTCTTCGGGTGGTTTATAAAATCCTCCAATGA
AGCTACTAACATTACTCCAAAGCATAATATGAAAGCATTTTTGGATGAATTGAAAG
CTGAGAACATCAAGAAGTTCTTATATAATTTTACACAGATACCACATTTAGCAGGA
ACAGAACAAAACTTTCAGCTTGCAAAGCAAATTCAATCCCAGTGGAAAGAATTTGG
CCTGGATTCTGTTGAGCTGGCACATTATGATGTCCTGTTGTCCTACCCAAATAAGA
CTCATCCCAACTACATCTCAATAATTAATGAAGATGGAAATGAGATTTTCAACACAT
CATTATTTGAACCACCTCCTCCAGGATATGAAAATGTTTCGGATATTGTACCACCT
TTCAGTGCTTTCTCTCCTCAAGGAATGCCAGAGGGCGATCTAGTGTATGTTAACTA
TGCACGAACTGAAGACTTCTTTAAATTGGAACGGGACATGAAAATCAATTGCTCTG
GGAAAATTGTAATTGCCAGATATGGGAAAGTTTTCAGAGGAAATAAGGT TAAAAAT
GCCCAGCTGGCAGGGGCCAAAGGAGTCATTCTCTACTCCGACCCTGCTGACTAC
TTTGCTCCTGGGGTGAAGTCCTATCCAGATGGTTGGAATCTTCCTGGAGGTGGTG
TCCAGCGTGGAAATATCCTAAATCTGAATGGTGCAGGAGACCCTCTCACACCAGG
TTACCCAGCAAATGAATATGCTTATAGGCGTGGAATTGCAGAGGCTGTTGGTCTT
CCAAGTATTCCTGTTCATCCAATTGGATACTATGATGCACAGAAGCTCCTAGAAAR
AATGGGTGGCTCAGCACCACCAGATAGCAGCTGGAGAGGAAGTCTCAAAGTGCC
CTACAATGTTGGACCTGGCTTTACTGGAAACTTTTCTACACAAAAAGTCAAGATGC
ACATCCACTCTACCAATGAAGTGACAAGAATTTACAATGTGATAGGTACTCTCAGA
GGAGCAGTGGAACCAGACAGATATGTCATTCTGGGAGGTCACCGGGACTCATGG
GTGTTTGGTGGTATTGACCCTCAGAGTGGAGCAGCTGTTGTTCATGAAATTGTGA
GGAGCTTTGGAACACTGAAAAAGGAAGGGTGGAGACCTAGAAGAACAATTTTGTT
TGCAAGCTGGGATGCAGAAGAATTTGGTCTTCTTGGTTCTACTGAGTGGGCAGAG
GAGAATTCAAGACTCCTTCAAGAGCGTGGCGTGGCTTATATTAATGCTGACTCAT
CTATAGAAGGAAACTACACTCTGAGAGTTGATTGTACACCGCTGATGTACAGCTT
GGTACACAACCTAACAAAAGAGCTGAAAAGCCCTGATGAAGGCTTTGAAGGCAAA
TCTCTTTATGAAAGTTGGACTAAAAAAAGTCCTTCCCCAGAGTTCAGTGGCATGCC
CAGGATAAGCAAATTGGGATCTGGAAATGATTTTGAGGTGTTCTTCCAACGACTTG
GAATTGCTTCAGGCAGAGCACGGTATACTAAAAATTGGGAAACAAACAAATTCAG
CGGCTATCCACTGTATCACAGTGTCTATGAAACATATGAGTTGGTGGAAAAGTTTT
ATGATCCAATGTTTAAATATCACCTCACTGTGGCCCAGGTTCGAGGAGGGATGGT
GTTTGAGCTGGCCAATTCCATAGTGCTCCCTTTTGATTGTCGAGATTATGCTGTAG
TTTTAAGAAAGTATGCTGACAAAATCTACAGTATTTCTATGAAACATCCACAGGAAA
TGAAGACATACAGTGTATCATTTGATTCACTTTTTTCTGCAGTAAAGAATTTTACAG
AAATTGCTTCCAAGTTCAGTGAGAGACTCCAGGACTTTGACAAAAGCAACCCAATA
GTATTAAGAATGATGAATGATCAACTCATGTTTCTGGAAAGAGCATTTATTGATCC
ATTAGGGTTACCAGACAGGCCTTTTTATAGGCATGTCATCTATGCTCCAAGCAGC
CACAACAAGTATGCAGGGGAGTCATTCCCAGGAATTTATGATGCTCTGTTTGATAT
TGAAAGCAAAGTGGACCCTTCCAAGGCCTGGGGAGAAGTGAAGAGACAGATTTAT
GTTGCAGCCTTCACAGTGCAGGCAGCTGCAGAGACTTTGAGTGAAGTAGCCTAAA
GATCTGGGCCCTAACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGTTA
CGTAATTGGAAGTTGGGGGACATTGCCACAAGATCATATTGTACAAAAGATCAAA
CACTGTTTTAGAAAACTTCCTGTAAACAGGCCTATTGATTGGAAAGTATGT CAAAG
GATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCT
TAATGCCTTTGTATGCATGTATACAAGCTAAACAGGCTTTCACTTTCTCGCCAACT
TACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAAC
GGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGG
CCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATAC
TGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATA
GGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCGATCTACGTA
TGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATC
TGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTT
TGTGTCTCTCACTCGGAAGGAATTCTGCATTAATGAATCGGCCAACGCGCGGGGA
GAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGC
GCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATAC
GGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGC
TCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAG
GTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCG
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGT
ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGC
TCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG
GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGAT
TATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAA
TCTAAAGTATATATGAGTAAACTTGGT CTGACAGTTACCAATGCTTAATCAGTGAG
GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC
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SEQ ID NO: 24. NUCLEOTIDE SEQUENCE OF PLASMID 5259
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGCC
AGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACTG
CCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGCA
TCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGCG
TGGATGACTCACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGACAC
CGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCATCC
TTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTATAGA
GATCTGGGCCCTAACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGTTA
CGTAATTGGAAGTTGGGGGACATTGCCACAAGATCATATTGTACAAAAGATCAAA
CACTGTTTTAGAAAACTTCCTGTAAACAGGCCTATTGATTGGAAAGTATGT CAAAG
GATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCT
TAATGCCTTTGTATGCATGTATACAAGCTAAACAGGCTTTCACTTTCTCGCCAACT
TACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAAC
GGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGG
CCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATAC
TGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATA
GGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCGATCTACGTA
TGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATC
TGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTT
TGTGTCTCTCACTCGGAAGGAATTCTGCATTAATGAATCGGCCAACGCGCGGGGA
GAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGC
GCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATAC
GGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGC
TCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAA
ACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAG
GTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCG
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGT
ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGC
TCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG
GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGAT
TATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAA
TCTAAAGTATATATGAGTAAACTTGGT CTGACAGTTACCAATGCTTAATCAGTGAG
GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC
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SEQ ID NO: 25. NUCLEOTIDE SEQUENCE OF PLASMID 5297
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCATTGTGGGAGGCTGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGT
GCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGCGGTGTTCTGGTGCACCCCCA
GTGGGTCCTCACAGCTGCCCACTGCATCAGGAACAAAAGCGTGATCTTGCTGGG
TCGGCACAGCTTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCAC
AGCTTCCCACACCCGCTCTACGATATGAGCCTCCTGAAGAATCGATTCCTCAGGC
CAGGTGATGACTCCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAGCCTGCCG
AGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAGGAGCCAGCACTGG
GGACCACCTGCTACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGTTCTTGA
CCCCAAAGAAACTTCAGTGTGTGGACCTCCATGTTATTTCCAATGACGTGTGTGC
GCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGCTGTGTGCTGGACGCTGGAC
AGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGGGGCCCACTTGTCTGTAATGG
TGTGCTTCAAGGTATCACGTCATGGGGCAGTGAACCATGTGCCCTGCCCGARAG
GCCTTCCCTGTACACCAAGGTGGTGCATTACCGGAAGTGGATCAAGGACACCATC
GTGGCCAACCCCTGAAGATCTGGGCCCTAACAAAACAAAAAGATGGGGTTATTCC
CTAAACTTCATGGGTTACGTAATTGGAAGT TGGGGGACATTGCCACAAGATCATAT
TGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAGGCCTATTGATT
GGAAAGTATGTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAA
TGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCTAAACAGGCTTT
CACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACC
CCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCA
CTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTC
CTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCGGTC
TGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACA
TCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCAT
GAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAA
TAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGCATTAATGAAT
CGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTC
GCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTG
GCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAA
GTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTG
GAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTC
CGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTAT
CTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCC
GTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGG
TAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAG
CGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGG
AAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGT
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TTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCC
TTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGG
ATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAL
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAA
TGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGT
TGCCTGACTC

SEQ ID NO: 26. NUCLEOTIDE SEQUENCE OF PLASMID 460
GAATTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTG
GGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGC
GGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAG
GGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC
GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGC
ATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAG
ATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTG
CCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGG
CTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTA
TCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACT
GGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAG
TGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAAC
CACCGCTGGTAGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACGCGCAGAAAA
AAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGA
ACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACC

TAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGTAAA

CTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGT
CTATTTCGTTCATCCATAGTTGCCTGACTCGGCGTAATGCTCTGCCAGTGTTACAA
CCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTT
ATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGG
AGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGC
GATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAA
GGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAA
AAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCAT
CAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAG
ACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCAAATGCAAC
CGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATT
CTTCTAATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAACCATGC
ATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTC
AGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCC
ATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTC
GCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATC
CATGTTGGAATTTAATCGCGGCCTCGAGCAAGACGTTTCCCGTTGAATATGGCTC
ATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGGGTACCAATCTTCCGAGT
GAGAGACACAAAAAATTCCAACACACTATTGCAATGAAAATAAATTTCCTTTATTAG
CCAGAAGTCAGATGCTCAAGGGGCTTCATGATGTCCCCATAATTTTTGGCAGAGG
GAAAAAGATCATACGTAGATCGAAACGATGTATATTTCCGCGAGAGGACGACAGA
ATTGTCAGTTCCTATGAGCTTTGCTCCAGACCGGCTGCGAGCAAAACAAGCGGCT
AGGAGTTCCGCAGTATGGATCGGCAGAGGAGCCACAAAGGTTCCACGCATGCGC
TGATGGCCTATGGCCAAGCCCCAGCCAGTGGGGGTTGCGTCAGCAAACACTTGG
CACAGACCAGGCCGTTGCCGAGCAACGGGGTAAAGGTTCATGTACTGTTTACTTA
GAAAGGCCTTGTAAGTTGGCGAGAAAGTGAAAGCCTGTTTAGCTTGTATACATGC
ATACAAAGGCATTAAGGCAGGATATCCACATTGTGTAAATGGAGCAGCAAAGCCC
AAAAGACCCACAATCCTTTGACATACTTTCCAATCAATAGGCCTGTTTACAGGAAG
TTTTCTAAAACAGTGTTTGATCTTTTGTACAATATGATCTTGTGGCAATGTCCCCCA
ACTTCCAATTACGTAACCCATGAAGTTTAGGGAATAACCCCATCTTTTTGTTTTGTT
AGGGCCCAGATCTTTAGGCTACTTCACTCAAAGTCTCTGCAGCTGCCTGCACTGT
GAAGGCTGCAACATAAATCTGTCTCTTCACTTCTCCCCAGGCCTTGGAAGGGTCC
ACTTTGCTTTCAATATCAAACAGAGCATCATAAATTCCTGGGAATGACTCCCCTGC
ATACTTGTTGTGGCTGCTTGGAGCATAGATGACATGCCTATAAAAAGGCCTGTCT
GGTAACCCTAATGGATCAATAAATGCTCTTTCCAGAAACATGAGTTGATCATTCAT
CATTCTTAATACTATTGGGTTGCTTTTGTCAAAGTCCTGGAGTCTCTCACTGAACTT
GGAAGCAATTTCTGTAAAATTCTTTACTGCAGAAAAAAGTGAATCAAATGATACAC
TGTATGTCTTCATTTCCTGTGGATGTTTCATAGAAATACTGTAGATTTTGTCAGCAT
ACTTTCTTAAAACTACAGCATAATCTCGACAATCAAAAGGGAGCACTATGGAATTG
GCCAGCTCAAACACCATCCCTCCTCGAACCTGGGCCACAGTGAGGTGATATTTAA
ACATTGGATCATAAAACTTTTCCACCAACTCATATGTTTCATAGACACTGTGATACA
GTGGATAGCCGCTGAATTTGTTTGTTTCCCAATTTTTAGTATACCGTGCTCTGCCT
GAAGCAATTCCAAGTCGTTGGAAGAACACCTCAAAATCATTTCCAGATCCCAATTT
GCTTATCCTGGGCATGCCACTGAACTCTGGGGAAGGACTTTTTTTAGTCCAACTTT
CATAAAGAGATTTGCCTTCAAAGCCTTCATCAGGGCTTTTCAGCTCTTTTGTTAGG
TTGTGTACCAAGCTGTACATCAGCGGTGTACAATCAACTCTCAGAGTGTAGTTTCC
TTCTATAGATGAGTCAGCATTAATATAAGCCACGCCACGCTCTTGAAGGAGTCTTG
AATTCTCCTCTGCCCACTCAGTAGAACCAAGAAGACCAAATTCTTCTGCATCCCAG
CTTGCAAACAAAATTGTTCTTCTAGGTCTCCACCCTTCCTTTTTCAGTGTTCCAAAG
CTCCTCACAATTTCATGAACAACAGCTGCTCCACTCTGAGGGTCAATACCACCAAR
CACCCATGAGTCCCGGTGACCTCCCAGAATGACATATCTGTCTGGTTCCACTGCT
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CCTCTGAGAGTACCTATCACATTGTAAATTCTTGTCACTTCATTGGTAGAGTGGAT
GTGCATCTTGACTTTTTGTGTAGAAAAGTTTCCAGTAAAGCCAGGTCCAACATTGT
AGGGCACTTTGAGACTTCCTCTCCAGCTGCTATCTGGTGGTGCTGAGCCACCCAT
TTTTTCTAGGAGCTTCTGTGCATCATAGTATCCAATTGGATGAACAGGAATACTTG
GAAGACCAACAGCCTCTGCAATTCCACGCCTATAAGCATATTCATTTGCTGGGTAA
CCTGGTGTGAGAGGGTCTCCTGCACCATTCAGATTTAGGATATTTCCACGCTGGA
CACCACCTCCAGGAAGATTCCAACCATCTGGATAGGACTTCACCCCAGGAGCAAA
GTAGTCAGCAGGGTCGGAGTAGAGAATGACTCCTTTGGCCCCTGCCAGCTGGGC
ATTTTTAACCTTATTTCCTCTGAAAACTTTCCCATATCTGGCAATTACAATTTTCCCA
GAGCAATTGATTTTCATGTCCCGTTCCAATTTAAAGAAGTCTTCAGTTCGTGCATA
GTTAACATACACTAGATCGCCCTCTGGCATTCCTTGAGGAGAGAAAGCACTGAAA
GGTGGTACAATATCCGAAACATTTTCATATCCTGGAGGAGGTGGTTCAAATAATGA
TGTGTTGAAAATCTCATTTCCATCTTCATTAATTAT TGAGATGTAGT TGGGATGAGT
CTTATTTGGGTAGGACAACAGGACATCATAATGTGCCAGCTCAACAGAATCCAGG
CCAAATTCTTTCCACTGGGATTGAATTTGCTTTGCAAGCTGAAAGTTTTGTTCTGTT
CCTGCTAAATGTGGTATCTGTGTAAAATTATATAAGAACTTCTTGATGTTCTCAGCT
TTCAATTCATCCAAAAATGCTTTCATATTATGCTTTGGAGTAATGTTAGTAGCTTCA
TTGGAGGATTTTATAAACCACCCGAAGAGGAAGCCGAGGAGAAAGAAGCCACCC
GCCAGCACCAGCGCCCCAGCGCACAGCCAGCGCGGGCGGCGCGCGCTAGCCA
TGTTCGTCACAGGGTCCCCAGTCCTCGCGGAGATTGACGAGATGTGAGAGGCAA
TATTCGGAGCAGGGTTTACTGTTCCTGAACTGGAGCCACCAGCAGGAAAATACAG
ACCCCTGACTCTGGGATCCTGACCTGGAAGATAGTCAGGGTTGAGGCAAGCAAL
AGGTACATGTAAGAGAAGAGCCCACAGCGTCCCTCAAATCCCTGGAGTCTTGACT
GGGGAAGCCAGGCCCACCCTGGAGAGTACATACCTGCTTGCTGAGATCCGGACG
GTGAGTCACTCTTGGCACGGGGAATCCGCGTTCCAATGCACCGTTCCCGGCCGC
GGAGGCTGGATCGGTCCCGGTGTCTTCTATGGAGGT CAAAACAGCGTGGATGGC
GTCTCCAGGCGATCTGACGGTTCACTAAACGAGCTCTGCTTATATAGACCTCCCA
CCGTACACGCCTACCGCCCATTTGCGT CAACGGGGCGGGGTTATTACGACATTTT
GGAAAGTCCCGTTGATTTTGGTGCTCGACCTGCAGGGTACCAATATTGGCTATTG
GCCATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGTCC
AATATGACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTAC
GGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAA
ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGA
CGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGA
GTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTC
CGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTA
CATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTA
TTACCATGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGA
CTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGG
CACCAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACGC
ARAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAG
TGAACCGTCAGATCGCCTGGAGACGCCATCCACGCTGTTTTGACCTCCATAGAAG
ACACCGGGACCGATCCAGCCTCCGCGGCCGGGAACGGTGCATTGGAACGCGGA
TTCCCCGTGCCAAGAGTGACTCACCGTCCGGATCTCAGCAAGCAGGTATGTACTC
TCCAGGGTGGGCCTGGCTTCCCCAGTCAAGACTCCAGGGATTTGAGGGACGCTG
TGGGCTCTTCTCTTACATGTACCTTTTGCTTGCCTCAACCCTGACTATCTTCCAGG
TCAGGATCCCAGAGTCAGGGGTCTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGA
ACAGTAAACCCTGCTCCGAATATTGCCTCTCACATCTCGTCAATCTCCGCGAGGA
CTGGGGACCCTGTGACGAACATGGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGA
TGGCAGGCTTGGCCCTGCAGCCAGGCACTGCCCTGCTGTGCTACTCCTGCARAG
CCCAGGTGAGCAACGAGGACTGCCTGCAGGTGGAGAACTGCACCCAGCTGGGG
GAGCAGTGCTGGACCGCGCGCATCCGCGCAGTTGGCCTCCTGACCGTCATCAGC
AAAGGCTGCAGCTTGAACTGCGTGGATGACTCACAGGACTACTACGTGGGCAAG
AAGAACATCACGTGCTGTGACACCGACTTGTGCAACGCCAGCGGGGCCCATGCC
CTGCAGCCGGCTGCCGCCATCCTTGCGCTGCTCCCTGCACTCGGCCTGCTGCTC
TGGGGACCCGGCCAGCTATAGAGATCTGGGCCCTAACAAAACARAAAGATGGGG
TTATTCCCTAAACTTCATGGGTTACGTAATTGGAAGTTGGGGGACATTGCCACAAG
ATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAGGCCTA
TTGATTGGAAAGTATGT CAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTT
ACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCTAAACA
GGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACC
TTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAAC
CCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGT
GGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGC
CGGTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGCGGAAAT
ATACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATGGGGAC
ATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATTTTCATT
GCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGC

SEQ ID NO: 27. NUCLEOTIDE SEQUENCE OF PLASMID 451
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
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TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCGCGCGCCGCCCGCGCTGGCTGTGCGCTGGGGCGCTGGTGCTGGCG
GGTGGCTTCTTTCTCCTCGGCTTCCTCTTCGGGTGGTTTATAAAATCCTCCAATGA
AGCTACTAACATTACTCCAAAGCATAATATGAAAGCATTTTTGGATGAATTGAAAG
CTGAGAACATCAAGAAGTTCTTATATAATTTTACACAGATACCACATTTAGCAGGA
ACAGAACAAAACTTTCAGCTTGCAAAGCAAATTCAATCCCAGTGGAAAGAATTTGG
CCTGGATTCTGTTGAGCTGGCACATTATGATGTCCTGTTGTCCTACCCAAATAAGA
CTCATCCCAACTACATCTCAATAATTAATGAAGATGGAAATGAGATTTTCAACACAT
CATTATTTGAACCACCTCCTCCAGGATATGAAAATGTTTCGGATATTGTACCACCT
TTCAGTGCTTTCTCTCCTCAAGGAATGCCAGAGGGCGATCTAGTGTATGTTAACTA
TGCACGAACTGAAGACTTCTTTAAATTGGAACGGGACATGAAAATCAATTGCTCTG
GGAAAATTGTAATTGCCAGATATGGGAAAGTTTTCAGAGGAAATAAGGT TAAAAAT
GCCCAGCTGGCAGGGGCCAAAGGAGTCATTCTCTACTCCGACCCTGCTGACTAC
TTTGCTCCTGGGGTGAAGTCCTATCCAGATGGTTGGAATCTTCCTGGAGGTGGTG
TCCAGCGTGGAAATATCCTAAATCTGAATGGTGCAGGAGACCCTCTCACACCAGG
TTACCCAGCAAATGAATATGCTTATAGGCGTGGAATTGCAGAGGCTGTTGGTCTT
CCAAGTATTCCTGTTCATCCAATTGGATACTATGATGCACAGAAGCTCCTAGAAAR
AATGGGTGGCTCAGCACCACCAGATAGCAGCTGGAGAGGAAGTCTCAAAGTGCC
CTACAATGTTGGACCTGGCTTTACTGGAAACTTTTCTACACAAAAAGTCAAGATGC
ACATCCACTCTACCAATGAAGTGACAAGAATTTACAATGTGATAGGTACTCTCAGA
GGAGCAGTGGAACCAGACAGATATGTCATTCTGGGAGGTCACCGGGACTCATGG
GTGTTTGGTGGTATTGACCCTCAGAGTGGAGCAGCTGTTGTTCATGAAATTGTGA
GGAGCTTTGGAACACTGAAAAAGGAAGGGTGGAGACCTAGAAGAACAATTTTGTT
TGCAAGCTGGGATGCAGAAGAATTTGGTCTTCTTGGTTCTACTGAGTGGGCAGAG
GAGAATTCAAGACTCCTTCAAGAGCGTGGCGTGGCTTATATTAATGCTGACTCAT
CTATAGAAGGAAACTACACTCTGAGAGTTGATTGTACACCGCTGATGTACAGCTT
GGTACACAACCTAACAAAAGAGCTGAAAAGCCCTGATGAAGGCTTTGAAGGCAAA
TCTCTTTATGAAAGTTGGACTAAAAAAAGTCCTTCCCCAGAGTTCAGTGGCATGCC
CAGGATAAGCAAATTGGGATCTGGAAATGATTTTGAGGTGTTCTTCCAACGACTTG
GAATTGCTTCAGGCAGAGCACGGTATACTAAAAATTGGGAAACAAACAAATTCAG
CGGCTATCCACTGTATCACAGTGTCTATGAAACATATGAGTTGGTGGAAAAGTTTT
ATGATCCAATGTTTAAATATCACCTCACTGTGGCCCAGGTTCGAGGAGGGATGGT
GTTTGAGCTGGCCAATTCCATAGTGCTCCCTTTTGATTGTCGAGATTATGCTGTAG
TTTTAAGAAAGTATGCTGACAAAATCTACAGTATTTCTATGAAACATCCACAGGAAA
TGAAGACATACAGTGTATCATTTGATTCACTTTTTTCTGCAGTAAAGAATTTTACAG
AAATTGCTTCCAAGTTCAGTGAGAGACTCCAGGACTTTGACAAAAGCAACCCAATA
GTATTAAGAATGATGAATGATCAACTCATGTTTCTGGAAAGAGCATTTATTGATCC
ATTAGGGTTACCAGACAGGCCTTTTTATAGGCATGTCATCTATGCTCCAAGCAGC
CACAACAAGTATGCAGGGGAGTCATTCCCAGGAATTTATGATGCTCTGTTTGATAT
TGAAAGCAAAGTGGACCCTTCCAAGGCCTGGGGAGAAGTGAAGAGACAGATTTAT
GTTGCAGCCTTCACAGTGCAGGCAGCTGCAGAGACTTTGAGTGAAGTAGCCGGA
TCCGAAGGTAGGGGTTCATTATTGACCTGTGGAGATGT CGAAGAAAACCCAGGAC
CCGCAAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGC
CAGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACT
GCCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGC
ATCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGC
GTGGATGACTCACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGAC
ACCGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCAT
CCTTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTATA
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GAGATCTGGGCCCTAACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGG
TTACGTAATTGGAAGTTGGGGGACATTGCCACAAGATCATATTGTACAAAAGATCA
AACACTGTTTTAGAAAACTTCCTGTAAACAGGCCTATTGATTGGAAAGTATGTCAA
AGGATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGC
CTTAATGCCTTTGTATGCATGTATACAAGCTAAACAGGCTTTCACTTTCTCGCCAA
CTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAA
CGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTG
GCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATA
CTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCAT
AGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCGATCTACGT
ATGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCAT
CTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTT
TTGTGTCTCTCACTCGGAAGGAATTCTGCATTAATGAATCGGCCAACGCGCGGGG
AGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTG
CGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGT
CAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGA
AACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAG
GTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCG
GTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGT
ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGC
TCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG
GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGAT
TATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAA
TCTAAAGTATATATGAGTAAACTTGGT CTGACAGTTACCAATGCTTAATCAGTGAG
GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC

SEQ ID NO: 28. NUCLEOTIDE SEQUENCE OF PLASMID 454
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGCC
AGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACTG
CCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGCA
TCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGCG
TGGATGACTCACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGACAC
CGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCATCC
TTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTAGGAT
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CCCAGACCCTGAACTTTGATCTGCTGAAACTGGCAGGCGATGTGGAAAGCAACC
CAGGCCCAATGGCAAGCGCGCGCCGCCCGCGCTGGCTGTGCGCTGGGGCGCT
GGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCTTCGGGTGGTTTATAAAA
TCCTCCAATGAAGCTACTAACATTACTCCAAAGCATAATATGAAAGCATTTTTGGAT
GAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAATTTTACACAGATACCACAT
TTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCAAATTCAATCCCAGTGGAA
AGAATTTGGCCTGGATTCTGTTGAGCTGGCACATTATGATGTCCTGTTGTCCTACC
CAAATAAGACTCATCCCAACTACATCTCAATAATTAATGAAGATGGAAATGAGATTT
TCAACACATCATTATTTGAACCACCTCCTCCAGGATATGAAAATGTTTCGGATATT
GTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCCAGAGGGCGATCTAGTGT
ATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGGAACGGGACATGAAAATC
AATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAAAGTTTTCAGAGGAAATAA
GGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTCATTCTCTACTCCGACCCT
GCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAGATGGTTGGAATCTTCCTG
GAGGTGGTGTCCAGCGTGGAAATATCCTAAATCTGAATGGTGCAGGAGACCCTCT
CACACCAGGTTACCCAGCAAATGAATATGCTTATAGGCGTGGAATTGCAGAGGCT
GTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATACTATGATGCACAGAAGCT
CCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGCAGCTGGAGAGGAAGTCT
CAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAAACTTTTCTACACAAAALG
TCAAGATGCACATCCACTCTACCAATGAAGTGACAAGAATTTACAATGTGATAGGT
ACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCATTCTGGGAGGTCACCGG
GACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTGGAGCAGCTGTTGTTCATG
ARAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGGGTGGAGACCTAGAAGAAC
AATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGTCTTCTTGGTTCTACTGAGT
GGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTGGCGTGGCTTATATTAATGC
TGACTCATCTATAGAAGGAAACTACACTCTGAGAGTTGATTGTACACCGCTGATGT
ACAGCTTGGTACACAACCTAACAAAAGAGCTGAAAAGCCCTGATGAAGGCTTTGA
AGGCAAATCTCTTTATGAAAGTTGGACTAAAAAAAGTCCTTCCCCAGAGTTCAGTG
GCATGCCCAGGATAAGCAAATTGGGAT CTGGAAATGATTTTGAGGTGTTCTTCCA
ACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACTAAAAATTGGGAAACAAAC
AAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGAAACATATGAGTTGGTGGA
AAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGTGGCCCAGGTTCGAGGAG
GGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCCTTTTGATTGTCGAGATTAT
GCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAGTATTTCTATGAAACATCCA
CAGGAAATGAAGACATACAGTGTATCATTTGATTCACTTTTTTCTGCAGTAAAGAAT
TTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCCAGGACTTTGACAAAAGCAA
CCCAATAGTATTAAGAATGATGAATGATCAACTCATGTTTCTGGAAAGAGCATTTA
TTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAGGCATGTCATCTATGCTCCA
AGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCAGGAATTTATGATGCTCTGT
TTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTGGGGAGAAGTGAAGAGACA
GATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGCAGAGACTTTGAGTGAAGTA
GCCTAAAGATCTGGGCCCTAACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCA
TGGGTTACGTAATTGGAAGTTGGGGGACATTGCCACAAGATCATATTGTACAAAA
GATCAAACACTGTTTTAGAAAACTTCCTGTAAACAGGCCTATTGATTGGAAAGTAT
GTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATAT
CCTGCCTTAATGCCTTTGTATGCATGTATACAAGCTAAACAGGCTTTCACTTTCTC
GCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTC
GGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGG
GCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGA
TCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAA
GCTCATAGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCGAT
CTACGTATGATCTTTTTCCCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTT
GAGCATCTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTG
GAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGCATTAATGAATCGGCCAACGC
GCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGAC
TCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCG
GTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCC
ATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGT
GGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCC
TCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCT
CCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCG
GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCC
GACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATG
TAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAG
AACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTT
GGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTT
GCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTT
TTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTC
ATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATC
AGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC

SEQ ID NO: 29. NUCLEOTIDE SEQUENCE OF PLASMID 5300
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
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TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCATTGTGGGAGGCTGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGT
GCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGCGGTGTTCTGGTGCACCCCCA
GTGGGTCCTCACAGCTGCCCACTGCATCAGGAACAAAAGCGTGATCTTGCTGGG
TCGGCACAGCTTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCAC
AGCTTCCCACACCCGCTCTACGATATGAGCCTCCTGAAGAATCGATTCCTCAGGC
CAGGTGATGACTCCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAGCCTGCCG
AGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAGGAGCCAGCACTGG
GGACCACCTGCTACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGTTCTTGA
CCCCAAAGAAACTTCAGTGTGTGGACCTCCATGTTATTTCCAATGACGTGTGTGC
GCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGCTGTGTGCTGGACGCTGGAC
AGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGGGGCCCACTTGTCTGTAATGG
TGTGCTTCAAGGTATCACGTCATGGGGCAGTGAACCATGTGCCCTGCCCGARAG
GCCTTCCCTGTACACCAAGGTGGTGCATTACCGGAAGTGGATCAAGGACACCATC
GTGGCCAACCCCGGATCCCAGACCCTGAACTTTGATCTGCTGAAACTGGCAGGC
GATGTGGAAAGCAACCCAGGCCCAATGGCAAGCGCGCGCCGCCCGCGCTGGCT
GTGCGCTGGGGCGCTGGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCTT
CGGGTGGTTTATAAAATCCTCCAATGAAGCTACTAACATTACTCCAAAGCATAATA
TGAAAGCATTTTTGGATGAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAATT
TTACACAGATACCACATTTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCAA
ATTCAATCCCAGTGGAAAGAATTTGGCCTGGATTCTGT TGAGCTGGCACATTATGA
TGTCCTGTTGTCCTACCCAAATAAGACTCATCCCAACTACATCTCAATAATTAATGA
AGATGGAAATGAGATTTTCAACACATCATTATTTGAACCACCTCCTCCAGGATATG
AAAATGTTTCGGATATTGTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCCA
GAGGGCGATCTAGTGTATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGGA
ACGGGACATGAAAATCAATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAAR
GTTTTCAGAGGAAATAAGGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTCA
TTCTCTACTCCGACCCTGCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAGA
TGGTTGGAATCTTCCTGGAGGTGGTGT CCAGCGTGGAAATATCCTAAATCTGAAT
GGTGCAGGAGACCCTCTCACACCAGGTTACCCAGCAAATGAATATGCTTATAGGC
GTGGAATTGCAGAGGCTGTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATAC
TATGATGCACAGAAGCTCCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGCA
GCTGGAGAGGAAGTCTCAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAAA
CTTTTCTACACAAAAAGTCAAGATGCACATCCACTCTACCAATGAAGTGACAAGAA
TTTACAATGTGATAGGTACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCAT
TCTGGGAGGTCACCGGGACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTGG
AGCAGCTGTTGTTCATGAAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGGG
TGGAGACCTAGAAGAACAATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGTC
TTCTTGGTTCTACTGAGTGGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTGG
CGTGGCTTATATTAATGCTGACTCATCTATAGAAGGAAACTACACTCTGAGAGTTG
ATTGTACACCGCTGATGTACAGCTTGGTACACAACCTAACAAAAGAGCTGAAALG
CCCTGATGAAGGCTTTGAAGGCAAATCTCTTTATGAAAGT TGGACTAAAAAAAGTC
CTTCCCCAGAGTTCAGTGGCATGCCCAGGATAAGCAAATTGGGATCTGGAAATGA
TTTTGAGGTGTTCTTCCAACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACTA
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AAAATTGGGAAACAAACAAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGAA
ACATATGAGTTGGTGGAAAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGT
GGCCCAGGTTCGAGGAGGGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCC
TTTTGATTGTCGAGATTATGCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAG
TATTTCTATGAAACATCCACAGGAAATGAAGACATACAGTGTATCATTTGATTCACT
TTTTTCTGCAGTAAAGAATTTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCC
AGGACTTTGACAAAAGCAACCCAATAGTATTAAGAATGATGAATGATCAACTCATG
TTTCTGGAAAGAGCATTTATTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAG
GCATGTCATCTATGCTCCAAGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCA
GGAATTTATGATGCTCTGTTTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTG
GGGAGAAGTGAAGAGACAGATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGC
AGAGACTTTGAGTGAAGTAGCCTAAAGATCTGGGCCCTAACAAAACAAAAAGATG
GGGTTATTCCCTAAACTTCATGGGT TACGTAATTGGAAGT TGGGGGACATTGCCA
CAAGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAG
GCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTC
CATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCT
ARACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACAT
GAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGAC
GCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACC
TTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTC
GCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGC
GGAAATATACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATG
GGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATT
TTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGC
ATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGC
CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG
TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG
CTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGA
TTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGT
AGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTC
ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTG
ACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTC

SEQ ID NO: 30. NUCLEOTIDE SEQUENCE OF PLASMID 449
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
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CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCGCGCGCCGCCCGCGCTGGCTGTGCGCTGGGGCGCTGGTGCTGGCG
GGTGGCTTCTTTCTCCTCGGCTTCCTCTTCGGGTGGTTTATAAAATCCTCCAATGA
AGCTACTAACATTACTCCAAAGCATAATATGAAAGCATTTTTGGATGAATTGAAAG
CTGAGAACATCAAGAAGTTCTTATATAATTTTACACAGATACCACATTTAGCAGGA
ACAGAACAAAACTTTCAGCTTGCAAAGCAAATTCAATCCCAGTGGAAAGAATTTGG
CCTGGATTCTGTTGAGCTGGCACATTATGATGTCCTGTTGTCCTACCCAAATAAGA
CTCATCCCAACTACATCTCAATAATTAATGAAGATGGAAATGAGATTTTCAACACAT
CATTATTTGAACCACCTCCTCCAGGATATGAAAATGTTTCGGATATTGTACCACCT
TTCAGTGCTTTCTCTCCTCAAGGAATGCCAGAGGGCGATCTAGTGTATGTTAACTA
TGCACGAACTGAAGACTTCTTTAAATTGGAACGGGACATGAAAATCAATTGCTCTG
GGAAAATTGTAATTGCCAGATATGGGAAAGTTTTCAGAGGAAATAAGGT TAAAAAT
GCCCAGCTGGCAGGGGCCAAAGGAGTCATTCTCTACTCCGACCCTGCTGACTAC
TTTGCTCCTGGGGTGAAGTCCTATCCAGATGGTTGGAATCTTCCTGGAGGTGGTG
TCCAGCGTGGAAATATCCTAAATCTGAATGGTGCAGGAGACCCTCTCACACCAGG
TTACCCAGCAAATGAATATGCTTATAGGCGTGGAATTGCAGAGGCTGTTGGTCTT
CCAAGTATTCCTGTTCATCCAATTGGATACTATGATGCACAGAAGCTCCTAGAAAR
AATGGGTGGCTCAGCACCACCAGATAGCAGCTGGAGAGGAAGTCTCAAAGTGCC
CTACAATGTTGGACCTGGCTTTACTGGAAACTTTTCTACACAAAAAGTCAAGATGC
ACATCCACTCTACCAATGAAGTGACAAGAATTTACAATGTGATAGGTACTCTCAGA
GGAGCAGTGGAACCAGACAGATATGTCATTCTGGGAGGTCACCGGGACTCATGG
GTGTTTGGTGGTATTGACCCTCAGAGTGGAGCAGCTGTTGTTCATGAAATTGTGA
GGAGCTTTGGAACACTGAAAAAGGAAGGGTGGAGACCTAGAAGAACAATTTTGTT
TGCAAGCTGGGATGCAGAAGAATTTGGTCTTCTTGGTTCTACTGAGTGGGCAGAG
GAGAATTCAAGACTCCTTCAAGAGCGTGGCGTGGCTTATATTAATGCTGACTCAT
CTATAGAAGGAAACTACACTCTGAGAGTTGATTGTACACCGCTGATGTACAGCTT
GGTACACAACCTAACAAAAGAGCTGAAAAGCCCTGATGAAGGCTTTGAAGGCAAA
TCTCTTTATGAAAGTTGGACTAAAAAAAGTCCTTCCCCAGAGTTCAGTGGCATGCC
CAGGATAAGCAAATTGGGATCTGGAAATGATTTTGAGGTGTTCTTCCAACGACTTG
GAATTGCTTCAGGCAGAGCACGGTATACTAAAAATTGGGAAACAAACAAATTCAG
CGGCTATCCACTGTATCACAGTGTCTATGAAACATATGAGTTGGTGGAAAAGTTTT
ATGATCCAATGTTTAAATATCACCTCACTGTGGCCCAGGTTCGAGGAGGGATGGT
GTTTGAGCTGGCCAATTCCATAGTGCTCCCTTTTGATTGTCGAGATTATGCTGTAG
TTTTAAGAAAGTATGCTGACAAAATCTACAGTATTTCTATGAAACATCCACAGGAAA
TGAAGACATACAGTGTATCATTTGATTCACTTTTTTCTGCAGTAAAGAATTTTACAG
AAATTGCTTCCAAGTTCAGTGAGAGACTCCAGGACTTTGACAAAAGCAACCCAATA
GTATTAAGAATGATGAATGATCAACTCATGTTTCTGGAAAGAGCATTTATTGATCC
ATTAGGGTTACCAGACAGGCCTTTTTATAGGCATGTCATCTATGCTCCAAGCAGC
CACAACAAGTATGCAGGGGAGTCATTCCCAGGAATTTATGATGCTCTGTTTGATAT
TGAAAGCAAAGTGGACCCTTCCAAGGCCTGGGGAGAAGTGAAGAGACAGATTTAT
GTTGCAGCCTTCACAGTGCAGGCAGCTGCAGAGACTTTGAGTGAAGTAGCCTAAA
GATCTGACCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGC
GTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCC
GGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGC
CAAAGGAATGCAAGGTCTGTTGAATGT CGTGAAGGAAGCAGTTCCTCTGGAAGCT
TCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCA
CCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTC
AAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTAC
CCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTA
GTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTT
GAAAAACACGATGATAATATGGCCAGCAAGGCTGTGCTGCTTGCCCTGTTGATGG
CAGGCTTGGCCCTGCAGCCAGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCC
AGGTGAGCAACGAGGACTGCCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAG
CAGTGCTGGACCGCGCGCATCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAA
GGCTGCAGCTTGAACTGCGTGGATGACTCACAGGACTACTACGTGGGCAAGAAG
AACATCACGTGCTGTGACACCGACTTGTGCAACGCCAGCGGGGCCCATGCCCTG
CAGCCGGCTGCCGCCATCCTTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGG
GGACCCGGCCAGCTATAGGGATCTGGGCCCTAACAAAACAAAANAGATGGGGTTA
TTCCCTAAACTTCATGGGTTACGTAAT TGGAAGT TGGGGGACATTGCCACAAGAT
CATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAGGCCTATT
GATTGGAAAGTATGTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTCCATTTAC
ACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCTAAACAGG
CTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACATGAACCTTT
ACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCC
CCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGG
CTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCCG
GTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGCGGAAATAT
ACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATGGGGACAT
CATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATTTTCATTG
CAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGCATTAATG
AATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTC
CTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC
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TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAG
AACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTG
CTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCT
CAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCC
CTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGG
TATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCC
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAG
AGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGG
CTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTC
GGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGT
GGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAG
ATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAA
GGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAA
AAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTAC
CAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCAT
AGTTGCCTGACTC

SEQ ID NO: 31. NUCLEOTIDE SEQUENCE OF PLASMID 603
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGCC
AGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACTG
CCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGCA
TCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGCG
TGGATGACTCACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGACAC
CGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCATCC
TTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTATAGA
GATCTGACCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGC
GTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCC
GGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGC
CAAAGGAATGCAAGGTCTGTTGAATGT CGTGAAGGAAGCAGTTCCTCTGGAAGCT
TCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCA
CCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTC
AAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTAC
CCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTA
GTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTT
GAAAAACACGATGATAATATGGCCACAACCATGGCGCGCCGCCCGCGCTGGCTG
TGCGCTGGGGCGCTGGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCTTC
GGGTGGTTTATAAAATCCTCCAATGAAGCTACTAACATTACTCCAAAGCATAATAT
GAAAGCATTTTTGGATGAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAATTT
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TACACAGATACCACATTTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCAAR
TTCAATCCCAGTGGAAAGAATTTGGCCTGGATTCTGTTGAGCTGGCACATTATGAT
GTCCTGTTGTCCTACCCAAATAAGACTCATCCCAACTACATCTCAATAATTAATGA
AGATGGAAATGAGATTTTCAACACATCATTATTTGAACCACCTCCTCCAGGATATG
AAAATGTTTCGGATATTGTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCCA
GAGGGCGATCTAGTGTATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGGA
ACGGGACATGAAAATCAATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAAR
GTTTTCAGAGGAAATAAGGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTCA
TTCTCTACTCCGACCCTGCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAGA
TGGTTGGAATCTTCCTGGAGGTGGTGT CCAGCGTGGAAATATCCTAAATCTGAAT
GGTGCAGGAGACCCTCTCACACCAGGTTACCCAGCAAATGAATATGCTTATAGGC
GTGGAATTGCAGAGGCTGTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATAC
TATGATGCACAGAAGCTCCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGCA
GCTGGAGAGGAAGTCTCAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAAA
CTTTTCTACACAAAAAGTCAAGATGCACATCCACTCTACCAATGAAGTGACAAGAA
TTTACAATGTGATAGGTACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCAT
TCTGGGAGGTCACCGGGACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTGG
AGCAGCTGTTGTTCATGAAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGGG
TGGAGACCTAGAAGAACAATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGTC
TTCTTGGTTCTACTGAGTGGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTGG
CGTGGCTTATATTAATGCTGACTCATCTATAGAAGGAAACTACACTCTGAGAGTTG
ATTGTACACCGCTGATGTACAGCTTGGTACACAACCTAACAAAAGAGCTGAAALG
CCCTGATGAAGGCTTTGAAGGCAAATCTCTTTATGAAAGT TGGACTAAAAAAAGTC
CTTCCCCAGAGTTCAGTGGCATGCCCAGGATAAGCAAATTGGGATCTGGAAATGA
TTTTGAGGTGTTCTTCCAACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACTA
AAAATTGGGAAACAAACAAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGAA
ACATATGAGTTGGTGGAAAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGT
GGCCCAGGTTCGAGGAGGGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCC
TTTTGATTGTCGAGATTATGCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAG
TATTTCTATGAAACATCCACAGGAAATGAAGACATACAGTGTATCATTTGATTCACT
TTTTTCTGCAGTAAAGAATTTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCC
AGGACTTTGACAAAAGCAACCCAATAGTATTAAGAATGATGAATGATCAACTCATG
TTTCTGGAAAGAGCATTTATTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAG
GCATGTCATCTATGCTCCAAGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCA
GGAATTTATGATGCTCTGTTTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTG
GGGAGAAGTGAAGAGACAGATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGC
AGAGACTTTGAGTGAAGTAGCCTAAAGATCTGGGCCCTAACAAAACAAAAAGATG
GGGTTATTCCCTAAACTTCATGGGT TACGTAATTGGAAGT TGGGGGACATTGCCA
CAAGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAG
GCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTC
CATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCT
ARACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACAT
GAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGAC
GCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACC
TTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTC
GCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGC
GGAAATATACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATG
GGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATT
TTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGC
ATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGC
CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG
TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG
CTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGA
TTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGT
AGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTC
ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTG
ACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTC

SEQ ID NO: 32. NUCLEOTIDE SEQUENCE OF PLASMID 455
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
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AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGCC
AGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACTG
CCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGCA
TCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGCG
TGGATGACTCACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGACAC
CGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCATCC
TTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTATAGA
GATCTGACCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGC
GTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCC
GGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGC
CAAAGGAATGCAAGGTCTGTTGAATGT CGTGAAGGAAGCAGTTCCTCTGGAAGCT
TCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCA
CCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTC
AAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTAC
CCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTA
GTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTT
GAAAAACACGATGATAATATGGCCAGCATTGTGGGAGGCTGGGAGTGCGAGAAG
CATTCCCAACCCTGGCAGGTGCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGTC
GGTGTTCTGGTGCACCCCCAGTGGGTCCTCACAGCTGCCCACTGCATCAGGAAC
AAAAGCGTGATCTTGCTGGGT CGGCACAGCTTGTTTCATCCTGAAGACACAGGCC
AGGTATTTCAGGTCAGCCACAGCTTCCCACACCCGCTCTACGATATGAGCCTCCT
GAAGAATCGATTCCTCAGGCCAGGTGATGACTCCAGCCACGACCTCATGCTGCTC
CGCCTGTCAGAGCCTGCCGAGCTCACGGATGCTGTGAAGGTCATGGACCTGCCC
ACCCAGGAGCCAGCACTGGGGACCACCTGCTACGCCTCAGGCTGGGGCAGCAT
TGAACCAGAGGAGTTCTTGACCCCAAAGAAACTTCAGTGTGTGGACCTCCATGTT
ATTTCCAATGACGTGTGTGCGCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGC
TGTGTGCTGGACGCTGGACAGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGG
GGCCCACTTGTCTGTAATGGTGTGCTTCAAGGTATCACGT CATGGGGCAGTGAAC
CATGTGCCCTGCCCGAAAGGCCTTCCCTGTACACCAAGGTGGTGCATTACCGGA
AGTGGATCAAGGACACCATCGTGGCCAACCCCTGAGGATCTGGGCCCTAACAAA
ACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGTTACGTAATTGGAAGTTGGG
GGACATTGCCACAAGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTT
CCTGTAAACAGGCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGTCTTTTGG
GCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCA
TGTATACAAGCTAAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAG
TAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAA
GTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGC
ATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCG
CTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGT
CGTCCTCTCGCGGAAATATACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTG
CCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAA
AGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGA
AGGAATTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTAT
TGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCT
GCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATC
AGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAA
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CCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTT
CTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAA
CTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCC
ACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGA
AGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCT
GCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAA
ACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAA
AAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG
GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCA
CCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTA
AACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTC

SEQ ID NO: 33. NUCLEOTIDE SEQUENCE OF PLASMID 456
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCATTGTGGGAGGCTGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGT
GCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGCGGTGTTCTGGTGCACCCCCA
GTGGGTCCTCACAGCTGCCCACTGCATCAGGAACAAAAGCGTGATCTTGCTGGG
TCGGCACAGCTTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCAC
AGCTTCCCACACCCGCTCTACGATATGAGCCTCCTGAAGAATCGATTCCTCAGGC
CAGGTGATGACTCCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAGCCTGCCG
AGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAGGAGCCAGCACTGG
GGACCACCTGCTACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGTTCTTGA
CCCCAAAGAAACTTCAGTGTGTGGACCTCCATGTTATTTCCAATGACGTGTGTGC
GCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGCTGTGTGCTGGACGCTGGAC
AGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGGGGCCCACTTGTCTGTAATGG
TGTGCTTCAAGGTATCACGTCATGGGGCAGTGAACCATGTGCCCTGCCCGARAG
GCCTTCCCTGTACACCAAGGTGGTGCATTACCGGAAGTGGATCAAGGACACCATC
GTGGCCAACCCCGGATCCCAGACCCTGAACTTTGATCTGCTGAAACTGGCAGGC
GATGTGGAAAGCAACCCAGGCCCAATGGCAAGCGCGCGCCGCCCGCGCTGGCT
GTGCGCTGGGGCGCTGGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCTT
CGGGTGGTTTATAAAATCCTCCAATGAAGCTACTAACATTACTCCAAAGCATAATA
TGAAAGCATTTTTGGATGAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAATT
TTACACAGATACCACATTTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCAA
ATTCAATCCCAGTGGAAAGAATTTGGCCTGGATTCTGT TGAGCTGGCACATTATGA
TGTCCTGTTGTCCTACCCAAATAAGACTCATCCCAACTACATCTCAATAATTAATGA
AGATGGAAATGAGATTTTCAACACATCATTATTTGAACCACCTCCTCCAGGATATG
AAAATGTTTCGGATATTGTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCCA
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GAGGGCGATCTAGTGTATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGGA
ACGGGACATGAAAATCAATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAAR
GTTTTCAGAGGAAATAAGGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTCA
TTCTCTACTCCGACCCTGCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAGA
TGGTTGGAATCTTCCTGGAGGTGGTGT CCAGCGTGGAAATATCCTAAATCTGAAT
GGTGCAGGAGACCCTCTCACACCAGGTTACCCAGCAAATGAATATGCTTATAGGC
GTGGAATTGCAGAGGCTGTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATAC
TATGATGCACAGAAGCTCCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGCA
GCTGGAGAGGAAGTCTCAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAAA
CTTTTCTACACAAAAAGTCAAGATGCACATCCACTCTACCAATGAAGTGACAAGAA
TTTACAATGTGATAGGTACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCAT
TCTGGGAGGTCACCGGGACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTGG
AGCAGCTGTTGTTCATGAAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGGG
TGGAGACCTAGAAGAACAATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGTC
TTCTTGGTTCTACTGAGTGGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTGG
CGTGGCTTATATTAATGCTGACTCATCTATAGAAGGAAACTACACTCTGAGAGTTG
ATTGTACACCGCTGATGTACAGCTTGGTACACAACCTAACAAAAGAGCTGAAALG
CCCTGATGAAGGCTTTGAAGGCAAATCTCTTTATGAAAGT TGGACTAAAAAAAGTC
CTTCCCCAGAGTTCAGTGGCATGCCCAGGATAAGCAAATTGGGATCTGGAAATGA
TTTTGAGGTGTTCTTCCAACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACTA
AAAATTGGGAAACAAACAAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGAA
ACATATGAGTTGGTGGAAAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGT
GGCCCAGGTTCGAGGAGGGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCC
TTTTGATTGTCGAGATTATGCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAG
TATTTCTATGAAACATCCACAGGAAATGAAGACATACAGTGTATCATTTGATTCACT
TTTTTCTGCAGTAAAGAATTTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCC
AGGACTTTGACAAAAGCAACCCAATAGTATTAAGAATGATGAATGATCAACTCATG
TTTCTGGAAAGAGCATTTATTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAG
GCATGTCATCTATGCTCCAAGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCA
GGAATTTATGATGCTCTGTTTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTG
GGGAGAAGTGAAGAGACAGATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGC
AGAGACTTTGAGTGAAGTAGCCTAAAGATCTGACCCCCTAACGTTACTGGCCGAA
GCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTG
CCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGC
ATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCG
TGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGAC
CCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCARAAA
GCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGT
GAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCT
CGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCC
GAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGATAATATGGCCAGCAA
GGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGCCAGGCACTGC
CCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACTGCCTGCAGGT
GGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGCATCCGCGCAG
TTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGCGTGGATGACTC
ACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGACACCGACTTGTG
CAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCATCCTTGCGCTGC
TCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTATAGGGATCTGGGTC
CCTAACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGTTACGTAATTGG
AAGTTGGGGGACATTGCCACAAGATCATATTGTACAAAAGATCAAACACTGTTTTA
GAAAACTTCCTGTAAACAGGCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGT
CTTTTGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTT
GTATGCATGTATACAAGCTAAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCT
TTCTAAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCT
GTGCCAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCA
TCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTC
CTAGCCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACA
ATTCTGTCGTCCTCTCGCGGAAATATACATCGTTTCGATCTACGTATGATCTTTTTC
CCTCTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGG
CTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTC
ACTCGGAAGGAATTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTT
TGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGT
TCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCC
TGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTT
CCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTG
GCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCT
CCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTAT
CCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGC
AGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCT
GCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGG
CAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACG
CGCAGAAAAARAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACG
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CTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAG
GATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATA
TATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC

SEQ ID NO: 34. NUCLEOTIDE SEQUENCE OF PLASMID 457
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCATTGTGGGAGGCTGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGT
GCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGCGGTGTTCTGGTGCACCCCCA
GTGGGTCCTCACAGCTGCCCACTGCATCAGGAACAAAAGCGTGATCTTGCTGGG
TCGGCACAGCTTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCAC
AGCTTCCCACACCCGCTCTACGATATGAGCCTCCTGAAGAATCGATTCCTCAGGC
CAGGTGATGACTCCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAGCCTGCCG
AGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAGGAGCCAGCACTGG
GGACCACCTGCTACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGTTCTTGA
CCCCAAAGAAACTTCAGTGTGTGGACCTCCATGTTATTTCCAATGACGTGTGTGC
GCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGCTGTGTGCTGGACGCTGGAC
AGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGGGGCCCACTTGTCTGTAATGG
TGTGCTTCAAGGTATCACGTCATGGGGCAGTGAACCATGTGCCCTGCCCGARAG
GCCTTCCCTGTACACCAAGGTGGTGCATTACCGGAAGTGGATCAAGGACACCATC
GTGGCCAACCCCGGATCCCAGACCCTGAACTTTGATCTGCTGAAACTGGCAGGC
GATGTGGAAAGCAACCCAGGCCCAATGGCAAGCGCGCGCCGCCCGCGCTGGCT
GTGCGCTGGGGCGCTGGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCTT
CGGGTGGTTTATAAAATCCTCCAATGAAGCTACTAACATTACTCCAAAGCATAATA
TGAAAGCATTTTTGGATGAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAATT
TTACACAGATACCACATTTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCAA
ATTCAATCCCAGTGGAAAGAATTTGGCCTGGATTCTGT TGAGCTGGCACATTATGA
TGTCCTGTTGTCCTACCCAAATAAGACTCATCCCAACTACATCTCAATAATTAATGA
AGATGGAAATGAGATTTTCAACACATCATTATTTGAACCACCTCCTCCAGGATATG
AAAATGTTTCGGATATTGTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCCA
GAGGGCGATCTAGTGTATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGGA
ACGGGACATGAAAATCAATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAAR
GTTTTCAGAGGAAATAAGGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTCA
TTCTCTACTCCGACCCTGCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAGA
TGGTTGGAATCTTCCTGGAGGTGGTGT CCAGCGTGGAAATATCCTAAATCTGAAT
GGTGCAGGAGACCCTCTCACACCAGGTTACCCAGCAAATGAATATGCTTATAGGC
GTGGAATTGCAGAGGCTGTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATAC
TATGATGCACAGAAGCTCCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGCA
GCTGGAGAGGAAGTCTCAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAAA
CTTTTCTACACAAAAAGTCAAGATGCACATCCACTCTACCAATGAAGTGACAAGAA
TTTACAATGTGATAGGTACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCAT
TCTGGGAGGTCACCGGGACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTGG
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AGCAGCTGTTGTTCATGAAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGGG
TGGAGACCTAGAAGAACAATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGTC
TTCTTGGTTCTACTGAGTGGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTGG
CGTGGCTTATATTAATGCTGACTCATCTATAGAAGGAAACTACACTCTGAGAGTTG
ATTGTACACCGCTGATGTACAGCTTGGTACACAACCTAACAAAAGAGCTGAAALG
CCCTGATGAAGGCTTTGAAGGCAAATCTCTTTATGAAAGT TGGACTAAAAAAAGTC
CTTCCCCAGAGTTCAGTGGCATGCCCAGGATAAGCAAATTGGGATCTGGAAATGA
TTTTGAGGTGTTCTTCCAACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACTA
AAAATTGGGAAACAAACAAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGAA
ACATATGAGTTGGTGGAAAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGT
GGCCCAGGTTCGAGGAGGGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCC
TTTTGATTGTCGAGATTATGCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAG
TATTTCTATGAAACATCCACAGGAAATGAAGACATACAGTGTATCATTTGATTCACT
TTTTTCTGCAGTAAAGAATTTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCC
AGGACTTTGACAAAAGCAACCCAATAGTATTAAGAATGATGAATGATCAACTCATG
TTTCTGGAAAGAGCATTTATTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAG
GCATGTCATCTATGCTCCAAGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCA
GGAATTTATGATGCTCTGTTTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTG
GGGAGAAGTGAAGAGACAGATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGC
AGAGACTTTGAGTGAAGTAGCCGGATCCGAAGGTAGGGGTTCATTATTGACCTGT
GGAGATGTCGAAGAAAACCCAGGACCCGCAAGCAAGGCTGTGCTGCTTGCCCTG
TTGATGGCAGGCTTGGCCCTGCAGCCAGGCACTGCCCTGCTGTGCTACTCCTGC
AAAGCCCAGGTGAGCAACGAGGACTGCCTGCAGGTGGAGAACTGCACCCAGCTG
GGGGAGCAGTGCTGGACCGCGCGCATCCGCGCAGTTGGCCTCCTGACCGTCAT
CAGCAAAGGCTGCAGCTTGAACTGCGTGGATGACTCACAGGACTACTACGTGGG
CAAGAAGAACATCACGTGCTGTGACACCGACTTGTGCAACGCCAGCGGGGCCCA
TGCCCTGCAGCCGGCTGCCGCCATCCTTGCGCTGCTCCCTGCACTCGGCCTGCT
GCTCTGGGGACCCGGCCAGCTATAGAGATCTGGGCCCTAACAAAACAAAAAGAT
GGGGTTATTCCCTAAACTTCATGGGTTACGTAATTGGAAGTTGGGGGACATTGCC
ACAAGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAG
GCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTC
CATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCT
ARACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACAT
GAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGAC
GCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACC
TTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTC
GCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGC
GGAAATATACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATG
GGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATT
TTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGC
ATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGC
CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG
TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG
CTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGA
TTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGT
AGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTC
ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTG
ACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTC

SEQ ID NO: 35. NUCLEOTIDE SEQUENCE OF PLASMID 458
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
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AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
GGCTAGCATTGTGGGAGGCTGGGAGTGCGAGAAGCATTCCCAACCCTGGCAGGT
GCTTGTGGCCTCTCGTGGCAGGGCAGTCTGCGGCGGTGTTCTGGTGCACCCCCA
GTGGGTCCTCACAGCTGCCCACTGCATCAGGAACAAAAGCGTGATCTTGCTGGG
TCGGCACAGCTTGTTTCATCCTGAAGACACAGGCCAGGTATTTCAGGTCAGCCAC
AGCTTCCCACACCCGCTCTACGATATGAGCCTCCTGAAGAATCGATTCCTCAGGC
CAGGTGATGACTCCAGCCACGACCTCATGCTGCTCCGCCTGTCAGAGCCTGCCG
AGCTCACGGATGCTGTGAAGGTCATGGACCTGCCCACCCAGGAGCCAGCACTGG
GGACCACCTGCTACGCCTCAGGCTGGGGCAGCATTGAACCAGAGGAGTTCTTGA
CCCCAAAGAAACTTCAGTGTGTGGACCTCCATGTTATTTCCAATGACGTGTGTGC
GCAAGTTCACCCTCAGAAGGTGACCAAGTTCATGCTGTGTGCTGGACGCTGGAC
AGGGGGCAAAAGCACCTGCTCGGGTGATTCTGGGGGCCCACTTGTCTGTAATGG
TGTGCTTCAAGGTATCACGTCATGGGGCAGTGAACCATGTGCCCTGCCCGARAG
GCCTTCCCTGTACACCAAGGTGGTGCATTACCGGAAGTGGATCAAGGACACCATC
GTGGCCAACCCCGGATCCGAAGGTAGGGGTTCATTATTGACCTGTGGAGATGTC
GAAGAAAACCCAGGACCCGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCA
GGCTTGGCCCTGCAGCCAGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAG
GTGAGCAACGAGGACTGCCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCA
GTGCTGGACCGCGCGCATCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGG
CTGCAGCTTGAACTGCGTGGATGACTCACAGGACTACTACGTGGGCAAGAAGAA
CATCACGTGCTGTGACACCGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCA
GCCGGCTGCCGCCATCCTTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGG
ACCCGGCCAGCTAGGATCCCAGACCCTGAACTTTGATCTGCTGAAACTGGCAGG
CGATGTGGAAAGCAACCCAGGCCCAATGGCAAGCGCGCGCCGCCCGCGLCTGGL
TGTGCGCTGGGGCGCTGGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCT
TCGGGTGGTTTATAAAATCCTCCAATGAAGCTACTAACATTACTCCAARAGCATAAT
ATGAAAGCATTTTTGGATGAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAAT
TTTACACAGATACCACATTTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCA
AATTCAATCCCAGTGGAAAGAATTTGGCCTGGATTCTGTTGAGCTGGCACATTATG
ATGTCCTGTTGTCCTACCCAAATAAGACTCATCCCAACTACATCTCAATAATTAATG
AAGATGGAAATGAGATTTTCAACACATCATTATTTGAACCACCTCCTCCAGGATAT
GAAAATGTTTCGGATATTGTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCC
AGAGGGCGATCTAGTGTATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGG
AACGGGACATGAAAATCAATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAA
AGTTTTCAGAGGAAATAAGGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTC
ATTCTCTACTCCGACCCTGCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAG
ATGGTTGGAATCTTCCTGGAGGTGGTGTCCAGCGTGGAAATATCCTAAATCTGAA
TGGTGCAGGAGACCCTCTCACACCAGGTTACCCAGCAAATGAATATGCTTATAGG
CGTGGAATTGCAGAGGCTGTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATA
CTATGATGCACAGAAGCTCCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGC
AGCTGGAGAGGAAGTCTCAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAA
ACTTTTCTACACAAAAAGTCAAGATGCACATCCACTCTACCAATGAAGTGACAAGA
ATTTACAATGTGATAGGTACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCA
TTCTGGGAGGTCACCGGGACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTG
GAGCAGCTGTTGTTCATGAAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGG
GTGGAGACCTAGAAGAACAATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGT
CTTCTTGGTTCTACTGAGTGGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTG
GCGTGGCTTATATTAATGCTGACTCATCTATAGAAGGAAACTACACTCTGAGAGTT
GATTGTACACCGCTGATGTACAGCTTGGTACACAACCTAACAAAAGAGCTGAAAL
GCCCTGATGAAGGCTTTGAAGGCAAATCTCTTTATGAAAGTTGGACTAAAAAAAGT
CCTTCCCCAGAGTTCAGTGGCATGCCCAGGATAAGCAAATTGGGATCTGGAAATG
ATTTTGAGGTGTTCTTCCAACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACT
AAAAATTGGGAAACAAACAAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGA
AACATATGAGTTGGTGGAAAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGT
GGCCCAGGTTCGAGGAGGGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCC
TTTTGATTGTCGAGATTATGCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAG
TATTTCTATGAAACATCCACAGGAAATGAAGACATACAGTGTATCATTTGATTCACT
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TTTTTCTGCAGTAAAGAATTTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCC
AGGACTTTGACAAAAGCAACCCAATAGTATTAAGAATGATGAATGATCAACTCATG
TTTCTGGAAAGAGCATTTATTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAG
GCATGTCATCTATGCTCCAAGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCA
GGAATTTATGATGCTCTGTTTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTG
GGGAGAAGTGAAGAGACAGATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGC
AGAGACTTTGAGTGAAGTAGCCTAAAGATCTGGGCCCTAACAAAACAAAAAGATG
GGGTTATTCCCTAAACTTCATGGGT TACGTAATTGGAAGT TGGGGGACATTGCCA
CAAGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAAACTTCCTGTAAACAG
GCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGTCTTTTGGGCTTTGCTGCTC
CATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTATGCATGTATACAAGCT
ARACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCTAAGTAAACAGTACAT
GAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGAC
GCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACC
TTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTC
GCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACAATTCTGTCGTCCTCTCGC
GGAAATATACATCGTTTCGATCTACGTATGATCTTTTTCCCTCTGCCAAAAATTATG
GGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTAATAAAGGAAATTTATT
TTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACTCGGAAGGAATTCTGC
ATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTT
CCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGC
AGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGC
CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAAT
CGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG
TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG
GATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG
CTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC
GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGA
TTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGT
TACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGT
AGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTC
AAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTC
ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTG
ACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGT
TCATCCATAGTTGCCTGACTC

SEQ ID NO: 36. NUCLEOTIDE SEQUENCE OF PLASMID 459
GGCGTAATGCTCTGCCAGTGTTACAACCAATTAACCAATTCTGATTAGAAAAACTC
ATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTT
TTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGG
ATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAAC
CTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTG
ACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTC
AACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTA
TTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGAC
AATTACAAACAGGAATCAAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAAC
AATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCGG
GGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGAT
GGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTA
ACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG
GCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGC
CCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGAGC
AAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAA
GCAGACAGGTCGACAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCAT
AATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCATGTTGACATTGATTA
TTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG
GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAAC
GACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAG
GGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGC
AGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGT
AAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTT
GGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCA
GTACACCAATGGGCGTGGATAGCGGTTTGACT CACGGGGATTTCCAAGTCTCCAC
CCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAA
AATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGT
GGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGAC
GCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCC
GCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACTCA
CCGTCCGGATCTCAGCAAGCAGGTATGTACTCTCCAGGGTGGGCCTGGCTTCCC
CAGTCAAGACTCCAGGGATTTGAGGGACGCTGTGGGCTCTTCTCTTACATGTACC
TTTTGCTTGCCTCAACCCTGACTATCTTCCAGGT CAGGATCCCAGAGTCAGGGGT
CTGTATTTTCCTGCTGGTGGCTCCAGTTCAGGAACAGTAAACCCTGCTCCGAATA
TTGCCTCTCACATCTCGTCAATCTCCGCGAGGACTGGGGACCCTGTGACGAACAT
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GGCTAGCAAGGCTGTGCTGCTTGCCCTGTTGATGGCAGGCTTGGCCCTGCAGCC
AGGCACTGCCCTGCTGTGCTACTCCTGCAAAGCCCAGGTGAGCAACGAGGACTG
CCTGCAGGTGGAGAACTGCACCCAGCTGGGGGAGCAGTGCTGGACCGCGCGCA
TCCGCGCAGTTGGCCTCCTGACCGTCATCAGCAAAGGCTGCAGCTTGAACTGCG
TGGATGACTCACAGGACTACTACGTGGGCAAGAAGAACATCACGTGCTGTGACAC
CGACTTGTGCAACGCCAGCGGGGCCCATGCCCTGCAGCCGGCTGCCGCCATCC
TTGCGCTGCTCCCTGCACTCGGCCTGCTGCTCTGGGGACCCGGCCAGCTAGGAT
CCCAGACCCTGAACTTTGATCTGCTGAAACTGGCAGGCGATGTGGAAAGCAACC
CAGGCCCAATGGCAAGCGCGCGCCGCCCGCGCTGGCTGTGCGCTGGGGCGCT
GGTGCTGGCGGGTGGCTTCTTTCTCCTCGGCTTCCTCTTCGGGTGGTTTATAAAA
TCCTCCAATGAAGCTACTAACATTACTCCAAAGCATAATATGAAAGCATTTTTGGAT
GAATTGAAAGCTGAGAACATCAAGAAGTTCTTATATAATTTTACACAGATACCACAT
TTAGCAGGAACAGAACAAAACTTTCAGCTTGCAAAGCAAATTCAATCCCAGTGGAA
AGAATTTGGCCTGGATTCTGTTGAGCTGGCACATTATGATGTCCTGTTGTCCTACC
CAAATAAGACTCATCCCAACTACATCTCAATAATTAATGAAGATGGAAATGAGATTT
TCAACACATCATTATTTGAACCACCTCCTCCAGGATATGAAAATGTTTCGGATATT
GTACCACCTTTCAGTGCTTTCTCTCCTCAAGGAATGCCAGAGGGCGATCTAGTGT
ATGTTAACTATGCACGAACTGAAGACTTCTTTAAATTGGAACGGGACATGAAAATC
AATTGCTCTGGGAAAATTGTAATTGCCAGATATGGGAAAGTTTTCAGAGGAAATAA
GGTTAAAAATGCCCAGCTGGCAGGGGCCAAAGGAGTCATTCTCTACTCCGACCCT
GCTGACTACTTTGCTCCTGGGGTGAAGTCCTATCCAGATGGTTGGAATCTTCCTG
GAGGTGGTGTCCAGCGTGGAAATATCCTAAATCTGAATGGTGCAGGAGACCCTCT
CACACCAGGTTACCCAGCAAATGAATATGCTTATAGGCGTGGAATTGCAGAGGCT
GTTGGTCTTCCAAGTATTCCTGTTCATCCAATTGGATACTATGATGCACAGAAGCT
CCTAGAAAAAATGGGTGGCTCAGCACCACCAGATAGCAGCTGGAGAGGAAGTCT
CAAAGTGCCCTACAATGTTGGACCTGGCTTTACTGGAAACTTTTCTACACAAAALG
TCAAGATGCACATCCACTCTACCAATGAAGTGACAAGAATTTACAATGTGATAGGT
ACTCTCAGAGGAGCAGTGGAACCAGACAGATATGTCATTCTGGGAGGTCACCGG
GACTCATGGGTGTTTGGTGGTATTGACCCTCAGAGTGGAGCAGCTGTTGTTCATG
ARAATTGTGAGGAGCTTTGGAACACTGAAAAAGGAAGGGTGGAGACCTAGAAGAAC
AATTTTGTTTGCAAGCTGGGATGCAGAAGAATTTGGTCTTCTTGGTTCTACTGAGT
GGGCAGAGGAGAATTCAAGACTCCTTCAAGAGCGTGGCGTGGCTTATATTAATGC
TGACTCATCTATAGAAGGAAACTACACTCTGAGAGTTGATTGTACACCGCTGATGT
ACAGCTTGGTACACAACCTAACAAAAGAGCTGAAAAGCCCTGATGAAGGCTTTGA
AGGCAAATCTCTTTATGAAAGTTGGACTAAAAAAAGTCCTTCCCCAGAGTTCAGTG
GCATGCCCAGGATAAGCAAATTGGGAT CTGGAAATGATTTTGAGGTGTTCTTCCA
ACGACTTGGAATTGCTTCAGGCAGAGCACGGTATACTAAAAATTGGGAAACAAAC
AAATTCAGCGGCTATCCACTGTATCACAGTGTCTATGAAACATATGAGTTGGTGGA
AAAGTTTTATGATCCAATGTTTAAATATCACCTCACTGTGGCCCAGGTTCGAGGAG
GGATGGTGTTTGAGCTGGCCAATTCCATAGTGCTCCCTTTTGATTGTCGAGATTAT
GCTGTAGTTTTAAGAAAGTATGCTGACAAAATCTACAGTATTTCTATGAAACATCCA
CAGGAAATGAAGACATACAGTGTATCATTTGATTCACTTTTTTCTGCAGTAAAGAAT
TTTACAGAAATTGCTTCCAAGTTCAGTGAGAGACTCCAGGACTTTGACAAAAGCAA
CCCAATAGTATTAAGAATGATGAATGATCAACTCATGTTTCTGGAAAGAGCATTTA
TTGATCCATTAGGGTTACCAGACAGGCCTTTTTATAGGCATGTCATCTATGCTCCA
AGCAGCCACAACAAGTATGCAGGGGAGTCATTCCCAGGAATTTATGATGCTCTGT
TTGATATTGAAAGCAAAGTGGACCCTTCCAAGGCCTGGGGAGAAGTGAAGAGACA
GATTTATGTTGCAGCCTTCACAGTGCAGGCAGCTGCAGAGACTTTGAGTGAAGTA
GCCTAAAGATCTGACCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCC
GGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTG
AGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCC
CCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTC
TGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAA
CCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATAC
ACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGT TGGATAGTTGTGGA
AAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAG
AAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACAT
GTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGT
TTTCCTTTGAAAAACACGATGATAATATGGCCAGCATTGTGGGAGGCTGGGAGTG
CGAGAAGCATTCCCAACCCTGGCAGGTGCTTGTGGCCTCTCGTGGCAGGGCAGT
CTGCGGCGGTGTTCTGGTGCACCCCCAGTGGGTCCTCACAGCTGCCCACTGCAT
CAGGAACAAAAGCGTGATCTTGCTGGGTCGGCACAGCTTGTTTCATCCTGAAGAC
ACAGGCCAGGTATTTCAGGTCAGCCACAGCTTCCCACACCCGCTCTACGATATGA
GCCTCCTGAAGAATCGATTCCTCAGGCCAGGTGATGACTCCAGCCACGACCTCAT
GCTGCTCCGCCTGTCAGAGCCTGCCGAGCTCACGGATGCTGTGAAGGTCATGGA
CCTGCCCACCCAGGAGCCAGCACTGGGGACCACCTGCTACGCCTCAGGCTGGG
GCAGCATTGAACCAGAGGAGTTCTTGACCCCAAAGAAACTTCAGTGTGTGGACCT
CCATGTTATTTCCAATGACGTGTGTGCGCAAGTTCACCCTCAGAAGGTGACCAAG
TTCATGCTGTGTGCTGGACGCTGGACAGGGGGCAAAAGCACCTGCTCGGGTGAT
TCTGGGGGCCCACTTGTCTGTAATGGTGTGCTTCAAGGTATCACGTCATGGGGCA
GTGAACCATGTGCCCTGCCCGAAAGGCCTTCCCTGTACACCAAGGTGGTGCATTA
CCGGAAGTGGATCAAGGACACCATCGTGGCCAACCCCTGAGGATCTGGGCCCTA
ACAAAACAAAAAGATGGGGTTATTCCCTAAACTTCATGGGTTACGTAATTGGAAGT
TGGGGGACATTGCCACAAGATCATATTGTACAAAAGATCAAACACTGTTTTAGAAA
ACTTCCTGTAAACAGGCCTATTGATTGGAAAGTATGTCAAAGGATTGTGGGTCTTT
TGGGCTTTGCTGCTCCATTTACACAATGTGGATATCCTGCCTTAATGCCTTTGTAT
GCATGTATACAAGCTAAACAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTTTCT
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AAGTAAACAGTACATGAACCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGC
CAAGTGTTTGCTGACGCAACCCCCACTGGCTGGGGCTTGGCCATAGGCCATCAG
CGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCCTAG
CCGCTTGTTTTGCTCGCAGCCGGTCTGGAGCAAAGCTCATAGGAACTGACAATTC
TGTCGTCCTCTCGCGGAAATATACATCGTTTCGATCTACGTATGATCTTTTTCCCT
CTGCCAAAAATTATGGGGACATCATGAAGCCCCTTGAGCATCTGACTTCTGGCTA
ATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCTCACT
CGGAAGGAATTCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC
GTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCG
GCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGA
CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT
ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCG
ACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCG
CTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCA
AGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCG
GTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGC
AGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTT
CTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGC
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCA
AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGT TTGCAAGCAGCAGATTACGCG
CAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTC
AGTGGAACGAAAACTCACGTTAAGGGATTTTGGT CATGAGATTATCAAAAAGGATC
TTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATG
AGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGC
GATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC

SEQ ID NO: 37. NUCLEOTIDE SEQUENCE OF PSHUTTLE IRES
CATCATCAATAATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGGGGGTG
GAGTTTGTGACGTGGCGCGGGGCGTGGGAACGGGGCGGGTGACGTAGTAGTGT
GGCGGAAGTGTGATGTTGCAAGTGTGGCGGAACACATGTAAGCGACGGATGTGG
CAAAAGTGACGTTTTTGGTGTGCGCCGGTGTACACAGGAAGTGACAATTTTCGCG
CGGTTTTAGGCGGATGTTGTAGTAAATTTGGGCGTAACCGAGTAAGATTTGGCCA
TTTTCGCGGGAAAACTGAATAAGAGGAAGTGAAATCTGAATAATTTTGTGTTACTC
ATAGCGCGTAATACTGTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCAT
ATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC
CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA
ATAGGGACTTTCCATTGACGT CAATGGGTGGAGTATTTACGGTAAACTGCCCACT
TGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGA
CGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCT
ACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTG
GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTC
CACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTC
CAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTAC
GGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGA
GATCCACCATGGCTAGCGGTGCCCCGACGTTGCCCCCTGCCTGGCAGCCCTTTC
TCAAGGACCACCGCATCTCTACATTCAAGAACTGGCCCTTCTTGGAGGGCTGCGC
CTGCGCCCCGGAGCGGATGGCCGAGGCTGGCTTCATCCACTGCCCCACTGAGA
ACGAGCCAGACTTGGCCCAGTGTTTCTTCTGCTTCAAGGAGCTGGAAGGCTGGG
AGCCAGATGACGACCCCATAGAGGAACATAAAAAGCATTCGTCCGGTTGCGCTTT
CCTTTCTGTCAAGAAGCAGTTTGAAGAATTAACCCTTGGTGAATTTTTGAAACTGG
ACAGAGAAAGAGCCAAGAACAAAATTGCAAAGGAAACCAACAATAAGAAGAAAGA
ATTTGAGGAAACTGCGGAGAAAGTGCGCCGTGCCATCGAGCAGCTGGCTGCCAT
GGATTAGAGATCTGACCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGC
CGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGT
GAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTC
CCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCT
CTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGA
ACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATA
CACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGG
AAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCA
GAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACA
TGTGTTTAGTCGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGG
TTTTCCTTTGAAAAACACGATAATATGGCGGCCGCTCGAGCCTAAGCTTCTAGATA
AGATATCCGATCCACCGGATCTAGATAACTGATCATAATCAGCCATACCACATTTG
TAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACAT
ARAAATGAATGCAATTGTTGTTGT TAACTTGTTTATTGCAGCTTATAATGGTTACAAA
TAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGT
TGTGGTTTGTCCAAACTCATCAATGTATCTTAACGCGGATCTGGGCGTGGTTAAG
GGTGGGAAAGAATATATAAGGTGGGGGTCTTATGTAGTTTTGTATCTGTTTTGCAG
CAGCCGCCGCCGCCATGAGCACCAACTCGTTTGATGGAAGCATTGTGAGCTCAT
ATTTGACAACGCGCATGCCCCCATGGGCCGGGGTGCGT CAGAATGTGATGGGCT
CCAGCATTGATGGTCGCCCCGTCCTGCCCGCAAACTCTACTACCTTGACCTACGA
GACCGTGTCTGGAACGCCGTTGGAGACTGCAGCCTCCGCCGCCGCTTCAGCCG
CTGCAGCCACCGCCCGCGGGATTGTGACTGACTTTGCTTTCCTGAGCCCGCTTG
CAAGCAGTGCAGCTTCCCGTTCATCCGCCCGCGATGACAAGTTGACGGCTCTTTT
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GGCACAATTGGATTCTTTGACCCGGGAACTTAATGTCGTTTCTCAGCAGCTGTTG
GATCTGCGCCAGCAGGTTTCTGCCCTGAAGGCTTCCTCCCCTCCCAATGCGGTTT
AAAACATAAATAAAAAACCAGACTCTGTTTGGATTTGGATCAAGCAAGTGTCTTGC
TGTCTTTATTTAGGGGTTTTGCGCGCGCGGTAGGCCCGGGACCAGCGGTCTCGG
TCGTTGAGGGTCCTGTGTATTTTTTCCAGGACGTGGTAAAGGTGACTCTGGATGT
TCAGATACATGGGCATAAGCCCGTCTCTGGGGTGGAGGTAGCACCACTGCAGAG
CTTCATGCTGCGGGGTGGTGTTGTAGATGATCCAGTCGTAGCAGGAGCGCTGGG
CGTGGTGCCTAAAAATGTCTTTCAGTAGCAAGCTGATTGCCAGGGGCAGGCCCTT
GGTGTAAGTGTTTACAAAGCGGTTAAGCTGGGATGGGTGCATACGTGGGGATAT
GAGATGCATCTTGGACTGTATTTTTAGGTTGGCTATGTTCCCAGCCATATCCCTCC
GGGGATTCATGTTGTGCAGAACCACCAGCACAGTGTATCCGGTGCACTTGGGAA
ATTTGTCATGTAGCTTAGAAGGAAATGCGTGGAAGAACTTGGAGACGCCCTTGTG
ACCTCCAAGATTTTCCATGCATTCGTCCATAATGATGGCAATGGGCCCACGGGCG
GCGGCCTGGGCGAAGATATTTCTGGGATCACTAACGTCATAGTTGTGTTCCAGGA
TGAGATCGTCATAGGCCATTTTTACAAAGCGCGGGCGGAGGGTGCCAGACTGCG
GTATAATGGTTCCATCCGGCCCAGGGGCGTAGTTACCCTCACAGATTTGCATTTC
CCACGCTTTGAGTTCAGATGGGGGGATCATGTCTACCTGCGGGGCGATGAAGAA
AACGGTTTCCGGGGTAGGGGAGATCAGCTGGGAAGAAAGCAGGTTCCTGAGCAG
CTGCGACTTACCGCAGCCGGTGGGCCCGTAAATCACACCTATTACCGGCTGCAA
CTGGTAGTTAAGAGAGCTGCAGCTGCCGTCATCCCTGAGCAGGGGGGCCACTTC
GTTAAGCATGTCCCTGACTCGCATGTTTTCCCTGACCAAATCCGCCAGAAGGCGC
TCGCCGCCCAGCGATAGCAGTTCTTGCAAGGAAGCAAAGTTTTTCAACGGTTTGA
GACCGTCCGCCGTAGGCATGCTTTTGAGCGTTTGACCAAGCAGTTCCAGGCGGT
CCCACAGCTCGGTCACCTGCTCTACGGCATCTCGATCCAGCATATCTCCTCGTTT
CGCGGGTTGGGGCGGCTTTCGCTGTACGGCAGTAGTCGGTGCTCGTCCAGACG
GGCCAGGGTCATGTCTTTCCACGGGCGCAGGGTCCTCGTCAGCGTAGTCTGGGT
CACGGTGAAGGGGTGCGCTCCGGGCTGCGCGCTGGCCAGGGTGCGCTTGAGGTC
TGGTCCTGCTGGTGCTGAAGCGCTGCCGGTCTTCGCCCTGCGCGTCGGCCAGGT
AGCATTTGACCATGGTGTCATAGTCCAGCCCCTCCGCGGCGTGGCCCTTGGCGC
GCAGCTTGCCCTTGGAGGAGGCGCCGCACGAGGGGCAGTGCAGACTTTTGAGG
GCGTAGAGCTTGGGCGCGAGAAATACCGATTCCGGGGAGTAGGCATCCGCGCC
GCAGGCCCCGCAGACGGTCTCGCATTCCACGAGCCAGGTGAGCTCTGGCCGTTC
GGGGTCAAAAACCAGGTTTCCCCCATGCTTTTTGATGCGTTTCTTACCTCTGGTTT
CCATGAGCCGGTGTCCACGCTCGGTGACGAAAAGGCTGTCCGTGTCCCCGTATA
CAGACTTGAGAGGGAGTTTAAACGAATTCAATAGCTTGTTGCATGGGCGGCGATA
TAAAATGCAAGGTGCTGCTCAAAAAATCAGGCAAAGCCTCGCGCAAAAANGAAAG
CACATCGTAGTCATGCTCATGCAGATAAAGGCAGGTAAGCTCCGGAACCACCACA
GAAAAAGACACCATTTTTCTCTCAAACATGTCTGCGGGTTTCTGCATAAACACAAA
ATAAAATAACAAAAAAACATTTAAACATTAGAAGCCTGTCTTACAACAGGAAAAACA
ACCCTTATAAGCATAAGACGGACTACGGCCATGCCGGCGTGACCGTAAAAARACT
GGTCACCGTGATTAAAAAGCACCACCGACAGCTCCTCGGTCATGTCCGGAGTCAT
AATGTAAGACTCGGTAAACACATCAGGTTGATTCACATCGGTCAGTGCTAAAAAG
CGACCGAAATAGCCCGGGGGAATACATACCCGCAGGCGTAGAGACAACATTACA
GCCCCCATAGGAGGTATAACAAAATTAATAGGAGAGAAAAACACATAAACACCTG
AAAAACCCTCCTGCCTAGGCAAAATAGCACCCTCCCGCTCCAGAACAACATACAG
CGCTTCCACAGCGGCAGCCATAACAGTCAGCCTTACCAGTAAAAAAGAAAACCTA
TTAAAAAAACACCACTCGACACGGCACCAGCTCAATCAGTCACAGTGTAAAAAAG
GGCCAAGTGCAGAGCGAGTATATATAGGACTAAAAAATGACGTAACGGTTAAAGT
CCACAAAAAACACCCAGAAAACCGCACGCGAACCTACGCCCAGAAACGAAAGCC
AAAAAACCCACAACTTCCTCAAATCGTCACTTCCGTTTTCCCACGTTACGTCACTT
CCCATTTTAAGAAAACTACAATTCCCAACACATACAAGTTACTCCGCCCTARAACC
TACGTCACCCGCCCCGTTCCCACGCCCCGCGCCACGTCACAAACTCCACCCCCT
CATTATCATATTGGCTTCAATCCAAAATAAGGTATATTATTGATGATGTTAATTAAC
ATGCATGGATCCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATA
CCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGT
TCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCC
TGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTT
CCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTG
GCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCT
CCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTAT
CCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGC
AGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGA
GTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATC
TGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGT TGGTAGCTCTTGATCCG
GCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTAC
GCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGAC
GCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAA
GGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA
TATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATC
TCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGAT
AACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAG
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAAT
TGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG
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TTGCCATTGCTGCAGCCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTC
ACGTAGAAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAGCTAC
TGGGCTATCTGGACAAGGGAAAACGCAAGCGCAAAGAGAAAGCAGGTAGCTTGC
AGTGGGCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGCGAA
CCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAAAGTA
AACTGGATGGCTTTCTTGCCGCCAAGGATCTGATGGCGCAGGGGATCAAGCTCT
GATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACG
CAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAAC
AGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGC
CCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACG
AGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTG
CTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCG
GGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGG
CTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACC
ACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTG
TCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGT
TCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCAT
GGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCA
TCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTA
CCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGC
TTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGA

CGAGTTCTTCTGAATTTTGTTAAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATA

GGCCGAAATCGGCACCATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTG
AGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACG
TCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCAC
CCTAATCAAGTTTTTTGTGGT CGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAA
GGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAA
GGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGG
TCACGCTGCGCGTAACCACCACACCCGCGCGCTTAATGCGCCGCTACAGGGCGT
GTCCATTCGCCATTCAGGATCGAATTAATTCTTAATTAA

SEQ ID NO: 38. Amino acid sequence of Her-2 antigen:
MASELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQ

VVQGNLELTYLPTNASLSFLODIQEVQGYVLIAHNQVRQVPLORLRIVRGTQLFEDNY
ALAVLDNGDPLDSVAPAAGATPGGLQELQLRSLTEILKGGVLIRRSPQLCHQDTVLWE

DVFRKNNQLALVLMDTNRSRACHPCAPMCKANHCWGES SQDCQTLTRTICTSACAR

CKAPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMP

NPEGRYTFGASCVTACPYNYLSTDVGSCTLVCPLHNQEVTAEDGTQRCEKCSKPCA

RVCYGLGMEHLREARAITSANVQDFVGCKKIFGSLAFLPESFDGDPASGTAPLQPEQ
LOVFETLEEITGYLYISAWPDSFPNLSVFQNLRVIRGRILHNGAYSLTLQGLGISWLGL

RSLOELGSGLALVHRNARLCFVHTVPWDQLFRNPHQALLHSGNRPEEDCVGEGFVC
YSLCAHGHCWGPGPTQCVNCSHF LRGQECVEECRVLQGLPREYVNARHCLPCHPE
CQPONGSVTCFGPEADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEG

ACQPCPINCTHSCVDLDDKGCPAEQRASPLTSIISAVVGILLVVVLGVVFGILIKRRQQK
IRKYTMRRNEDLGPSSPMDSTFYRSLLEDEDMGELVDAEEYLVPQQGFFCPDPTPGT

GSTAHRRHRS SSARNGGGDLTLGMEPSGEGPPRSPRAPSEGTGSDVFDGDLAVGY

TKGLQSLSPODLSPLORYSEDPTLPLPSETDGKVAPLSCSPQPEFVNQSDVQPKSPL
TPEGPPSPARPTGATLERAKTLSPGKNGVVKDVFTFGGAVENPEFLAPREGTASPPH

PSPAFSPAFDNLFFWDQONSSEQGPPPSNFEGTPTAENPEFLGLDVPV
(signal sequence underlined)

SEQ ID NO: 39. Nucleic acid sequence encoding the Her-2 antigen amino acid

sequence of SEQ ID NO: 38
ATGGCTAGCGAGCTGGCCGCCCTGTGTAGATGGGGACTGCTGCTGGCTCTGCTG
CCTCCTGGAGCCGCTTCTACACAGGTCTGCACCGGCACCGACATGAAGCTGAGA
CTGCCCGCCAGCCCCGAGACACACCTGGACATGCTGCGGCACCTGTACCAGGG
CTGCCAGGTGGTCCAGGGGAATCTGGAACTGACCTACCTGCCCACCAACGCCAG
CCTGAGCTTCCTGCAGGACATCCAGGAAGTGCAGGGCTACGTCCTGATCGCCCA
CAACCAGGTCCGCCAGGTGCCCCTGCAGCGGCTGAGAATCGTGCGGGGCACCTC
AGCTGTTCGAGGACAACTACGCCCTGGCCGTGCTGGACAACGGCGACCCTCTGG
ATAGCGTGGCCCCTGCTGCTGGGGCTACACCTGGCGGACTGCAGGAACTGCAG
CTGCGGAGCCTGACCGAGATCCTGAAGGGCGGCGTGCTGATCAGGCGGAGCCC
TCAGCTGTGCCACCAGGACACCGTGCTGTGGGAGGACGTGTTCCGGAAGAACAA
CCAGCTGGCCCTCGTGCTGATGGACACCAACAGAAGCCGGGCCTGCCACCCCTG
CGCCCCCATGTGCAAGGCCAATCACTGCTGGGGAGAGAGCAGCCAGGACTGCC
AGACCCTGACCCGGACCATCTGCACCAGCGCCTGCGCCAGATGCAAGGCCCCC
CTGCCTACCGACTGCTGCCACGAACAGTGCGCCGCTGGCTGCACCGGCCCCAA
GCACAGCGATTGCCTGGCCTGCCTGCACTTCAACCACAGCGGCATCTGCGAGCT
GCACTGCCCTGCCCTGGTGACATACAACACCGACACCTTCGAGAGCATGCCCAA
CCCCGAGGGCCGGTACACCTTCGGCGCCAGCTGTGTGACCGCCTGCCCCTACAA
CTACCTGAGCACCGACGTGGGCAGCTGCACCCTGGTGTGCCCCCTGCACAACCA
GGAAGTGACCGCCGAGGACGGCACCCAGAGATGCGAGAAGTGCAGCAAGCCTT
GCGCCAGAGTGTGCTACGGCCTGGGCATGGAACACCTGAGAGAGGCCAGAGCC
ATCACCAGCGCCAACGTGCAGGACTTCGTGGGCTGCAAGAAGATTTTCGGCTCC
CTGGCCTTCCTGCCCGAGAGCTTCGACGGCGATCCTGCCTCTGGCACCGCCCCT
CTGCAGCCTGAGCAGCTGCAGGTCTTCGAGACACTGGAAGAGATCACCGGCTAC
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CTGTACATCAGCGCCTGGCCCGACAGCTTCCCCAACCTGAGCGTGTTCCAGAAC
CTGAGAGTGATCCGGGGCAGAATCCTGCACAACGGCGCCTACAGCCTGACCCTG
CAGGGCCTGGGAATCAGCTGGCTGGGCCTGCGGAGCCTGCAGGAACTGGGATC
TGGCCTGGCTCTGGTGCACCGGAACGCCCGGCTGTGCTTCGTGCACACCGTGCC
CTGGGACCAGCTGTTCAGAAACCCCCACCAGGCTCTGCTGCACAGCGGCAACCG
GCCCGAAGAGGATTGCGTGGGCGAGGGCTTCGTGTGCTACTCCCTGTGCGCCCA
CGGCCACTGTTGGGGACCTGGCCCTACCCAGTGCGTGAACTGCAGCCACTTCCT
GCGGGGCCAAGAATGCGTGGAAGAGTGCCGGGTGCTGCAGGGACTGCCCCGGG
AATACGTGAACGCCAGACACTGCCTGCCTTGCCACCCCGAGTGCCAGCCCCAGA
ATGGCAGCGTGACCTGCTTCGGACCCGAGGCCGATCAGTGTGTGGCCTGCGCC
CACTACAAGGACCCCCCATTCTGCGTGGCCAGATGCCCCAGCGGCGTGAAGCCC
GACCTGAGCTACATGCCCATCTGGAAGTTCCCCGACGAGGAAGGCGCCTGCCAG
CCTTGCCCCATCAACTGCACCCACAGCTGCGTGGACCTGGACGACAAGGGCTGC
CCTGCCGAGCAGAGAGCCAGCCCCCTGACCAGCATCATCAGCGCCGTGGTGGG
AATCCTGCTGGTGGTGGTGCTGGGCGTGGTGTTCGGCATCCTGATCAAGCGGCG
GCAGCAGAAGATCCGGAAGTACACCATGCGGCGGAACGAGGACCTGGGCCCCT
CTAGCCCCATGGACAGCACCTTCTACCGGTCCCTGCTGGAAGATGAGGACATGG
GCGAGCTGGTGGACGCCGAGGAATACCTGGTGCCTCAGCAGGGCTTCTTCTGCC
CCGACCCTACCCCTGGCACCGGCTCTACCGCCCACAGACGGCACAGAAGCAGCA
GCGCCAGAAACGGCGGAGGCGACCTGACCCTGGGAATGGAACCTAGCGGCGAG
GGACCTCCCAGAAGCCCTAGAGCCCCTAGCGAGGGCACCGGCAGCGACGTGTT
CGATGGCGATCTGGCCGTGGGCGTGACCAAGGGACTGCAGAGCCTGAGCCCCC
AGGACCTGTCCCCCCTGCAGAGATACAGCGAGGACCCCACCCTGCCCCTGCCCA
GCGAGACAGATGGCAAGGTGGCCCCCCTGAGCTGCAGCCCTCAGCCCGAGTTC
GTGAACCAGAGCGACGTGCAGCCCAAGTCCCCCCTGACACCCGAGGGACCTCCA
AGCCCTGCCAGACCTACCGGCGCCACCCTGGAAAGAGCCAAGACCCTGAGCCC
CGGCAAGAACGGCGTGGTGAAAGACGTGTTCACCTTCGGAGGCGCCGTGGAAAL
CCCCGAGTTCCTGGCCCCCAGAGAGGGCACAGCCAGCCCTCCACACCCCAGCT
CAGCCTTCTCCCCCGCCTTCGACAACCTGTTCTTCTGGGACCAGAACAGCAGCGA
GCAGGGCCCACCCCCCAGCAATTTCGAGGGCACCCCCACCGCCGAGAATCCTGA
GTTCCTGGGCCTGGACGTGCCCGTGTGA

SEQ ID NO: 40. Amino acid sequence of heavy chain of the anti-CD40 antibody
CP870,893:
MDWTWRILFLVAAATGAHSQVQLVQSGAEVKKPGASVKVSCKASGYTFTGY YMHW
VROAPGQGLEWMGWINPDSGGTNYAQKFQGRVTMTRDTSISTAYMELNRLRSDDT
AVYYCARDQPLGYCTNGVCSYFDYWGQGTLVTVSSASTKGPSVFPLAPCSRSTSES
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGT
QTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQD
WLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLV
KGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVESC
SVMHEALHNHYTQKSLSLSPGK.

SEQ ID NO: 41. Acid sequence of the light chain of the anti-CD40 antibody
CP870,893:

MRLPAQLLGLLLLWFPGSRCDIQMTQSPSSVSASVGDRVTITCRASQGIYSWLAWYQ
QKPGKAPNLLIYTASTLQSGVPSRFSGSGSGTDFTLTISSLOQPEDFATYYCQQANIFPL
TFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNAL
QSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNR

GEC.

SEQ ID NO: 42. Acid sequence of the heavy chain of the anti-CTLA-4 antibody
Tremelimumab

QVOLVESGGGVVQPGRSLRLSCAASGF TFSSYGMHWVRQAPGKGLEWVAVIWYDG
SNKYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDPRGATLYYYYYGM
DVWGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVER
KCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWY
VDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKT
ISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO: 43. Acid sequence of the light chain of the anti-CTLA-4 antibody
Tremelimumab

DIQMTQSPSSLSASVGDRVTITCRASQSINSYLDWYQQKPGKAPKLLIYAASSLQSGV
PSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYYSTPFTFGPGTKVEIKRTVAAPSVEI
FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO: 44. Nucleotide sequence of CpG 7909
5' TCGTCGTTTTGTCGTTTTGTCGTT3'

SEQ ID NO: 45. Nucleotide sequence of CpG 24555
5' TCGTCGTTTTTCGGTGCTTTT3'
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SEQ ID NO: 46. Nucleotide sequence of CpG 10103
5' TCGTCGTTTTTCGGTCGTTTT3'

SEQ ID NO: 47. Amino acid sequence of eGFP
MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVP
WPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEV
KFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGI
TLGMDELYK

SEQ ID NO: 48. Amino acid sequence of HBV core antigen
MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAT
LCWGELMTLATWVGNNLEDPASRDLVVNYVNTNMGLKIRQLLWFHISCLTFGRETVL
EYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRRRGRGRSPRRRTPSPRRRRSQSP
RRRRSQSRESQC

SEQ ID NO: 49. Amino acid sequence of HBV surface antigen
MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGONSQSPTS
NHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTSTG
PCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLL
VPFVOWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI

SEQ ID NO: 50. Amino acid sequence of Rhesus PSMA ECD protein:
MASETDTLLLWVLLLWVPGSTGDAAHHHHHHKSSSEATNI TPKHNMKAFLDELKAENT
KKFLHNFTQIPHLAGTEQNFQLAKQIQSQWKEFGLDSVELTHYDVLLSYPNKTHPNYI
SIINEDGNEIFNTSLFEPPPAGYENVSDIVPPFSAFSPQGMPEGDLVYVNYARTEDFFK
LERDMKINCSGKIVIARYGKVFRGNKVKNAQLAGATGVILYSDPADYFAPGVKSYPDG
WNLPGGGVQRGNILNLNGAGDPLTPGYPANEYAYRRGIAEAVGLPSIPVHPIGYYDA
QKLLEKMGGSASPDSSWRGSLKVPYNVGPGFTGNFSTQKVKMHIHSTSEVTRIYNVI
GTLRGAVEPDRYVILGGHRDSWVFGGIDPQSGAAVVHEIVRSFGTLKKEGWRPRRTI
LFASWDAEEFGLLGSTEWAEENSRLLQERGVAYINADSSIEGNYTLRVDCTPLMYSL
VYNLTKELESPDEGFEGKSLYESWTKSPSPEFSGMPRI SKLGSGNDFEVFFQRLGIAS
GRARYTKNWETNKFSSYPLYHSVYETYELVEKFYDPMFKYHLTVAQVRGGMVFELA
NSVVLPFDCRDYAVVLRKYADKIYNISMKHPQEMKTYSVSFDSLFSAVKNFTEIASKFS
ERLRDFDKSNPILLRMMNDQLMFLERAFIDPLGLPDRPFYRHVIYAPSSHNKYAGESF
PGIYDALFDIESKVDPSQAWGEVKRQISIATFTVQAAAETLSEVA

SEQ ID NO: 51. Amino acid sequence of rat Her-2 pé6 peptide (H-2d T cell
epitope)
TYVPANASL

SEQ ID NO: 52. Amino acid sequence of rat Her-2 plé9 peptide (H-2d T cell
epitope)
DMVLWKDVFRKNNQL

SEQ ID NO: 53. Amino acid sequence of HBV core antigen p87 peptide
SYVNTNMGL

SEQ ID NO: 54. Amino acid sequence of a Rat Her-2 Antigen (rHer-2):
MASELAAWCRWGFLLALLPPGIAGTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQ
VVQGNLELTYVPANASLSFLODIQEVQGYMLIAHNQVKRVPLOQRLRIVRGTQLFEDKY
ALAVLDNRDPQDNVAASTPGRTPEGLRELQLRSLTEILKGGVLIRGNPQLCYQDMVL
WKDVFRKNNQLAPVDIDTNRSRACPPCAPACKDNHCWGESPEDCQILTGTICTSGC
ARCKGRLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFES
MHNPEGRYTFGASCVTTCPYNYLSTEVGSCTLVCPPNNQEVTAEDGTQRCEKCSKP
CARVCYGLGMEHLRGARAI TSDNVQEFDGCKKIFGSLAFLPESFDGDPSSGIAPLRPE
QLOVFETLEEITGYLYISAWPDSLRDLSVFONLRITIRGRILHDGAYSLTLQGLGIHSLGL
RSLRELGSGLALIHRNAHLCFVHTVPWDQLFRNPHQALLHSGNRPEEDCGLEGLVCN
SLCAHGHCWGPGPTQCVNCSHFLRGQECVEECRVWKGLPREYVSDKRCLPCHPEC
QPONSSETCFGSEADQCAACAHYKDSSSCVARCPSGVKPDLSYMPIWKYPDEEGIC
QPCPINCTHSCVDLDERGCPAEQRASPVTFIIATVVGVLLFLILVVVVGILIKRRRQKIRK
YTMRRNEDLGPSSPMDSTFYRSLLEDDDMGDLVDAEEYLVPQQGFFSPDPTPGTGS
TAHRRHRSSSTRSGGGELTLGLEPSEEGPPRSPLAPSEGAGSDVFDGDLAMGV TKG
LOSLSPHDLSPLQRYSEDPTLPLPPETDGYVAPLACSPQPEFVNQSEVQPQPPLTPE
GPLPPVRPAGATLERPKTLSPGKNGVVKDVFAFGGAVENPEFLVPREGTASPPHPSP
AFSPAFDNLFFWDQONSSEQGPPPSNFEGTPTAENPEFLGLDVPV

SEQ ID NO: 55. Amino Acid Sequence of Rhesus PSMA antigen:

MASARRPRWLCAGALVLAGGFFLLGFLFGWFIKSSSEATNITPKHNMKAFLDELKAENIK
KFLHNFTQIPHLAGTEQNFQLAKQIQSQWKEFGLDSVELTHYDVLLSYPNKTHPNYISII
NEDGNEIFNTSLFEPPPAGYENVSDIVPPFSAFSPQGMPEGDLVYVNYARTEDFFKLERD
MKINCSGKIVIARYGKVFRGNKVKNAQLAGATGVILYSDPADYFAPGVKSYPDGWNLPGG
GVQRGNILNLNGAGDPLTPGYPANEYAYRRGIAEAVGLPSIPVHPIGYYDAQKLLEKMGG
SASPDSSWRGSLKVPYNVGPGFTGNFSTQKVKMHIHSTSEVTRIYNVIGTLRGAVEPDRY
VILGGHRDSWVFGGIDPQSGAAVVHEIVRSFGTLKKEGWRPRRTILFASWDAEEFGLLGS
TEWAEENSRLLQERGVAYINADSSIEGNYTLRVDCTPLMYSLVYNLTKELESPDEGFEGK
SLYESWTKKSPSPEFSGMPRISKLGSGNDFEVFFQRLGIASGRARYTKNWETNKFSSYPL
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YHSVYETYELVEKFYDPMFKYHLTVAQVRGGMVFELANSVVLPFDCRDYAVVLRKYADKI
YNISMKHPQEMKTYSVSFDSLFSAVKNFTEIASKFSERLRDFDKSNPILLRMMNDQLMFEFL
ERAFIDPLGLPDRPFYRHVIYAPSSHNKYAGESFPGIYDALFDIESKVDPSQAWGEVKRQ
ISIATFTVQAAAETLSEVA

SEQ ID NO: 56 Nucleotide sequence encoding the rhesus PSMA antigen of SEQ ID

NO: 55"

ATGGCTAGCGCTAGAAGGCCCAGATGGCTGTGCGCTGGCGCCCTGGTGCTGGCTGGCGGATTCTT
CCTGCTGGGCTTCCTGTTCGGCTGGTTCATCAAGTCCTCCAGCGAGGCCACCAACATCACCCCCA
AGCACAACATGAAGGCCTTTCTGGACGAGCTGAAGGCCGAGAATATCAAGAAGTTCCTGCACAAC
TTCACCCAGATCCCCCACCTGGCCGGCACCGAGCAGAACTTCCAGCTGGCCAAGCAGATCCAGTC
CCAGTGGAAAGAGTTCGGCCTGGACTCCGTGGAACTGACCCACTACGACGTGCTGCTGTCCTACC
CCAACAAGACCCACCCCAACTACATCTCCATCATCAACGAGGACGGCAACGAAATCTTCAACACC
TCCCTGTTCGAGCCCCCACCAGCCGGCTACGAGAACGTGTCCGACATCGTGCCCCCATTCTCCGC
ATTCAGTCCACAAGGCATGCCCGAGGGCGACCTGGTGTACGTGAACTACGCCAGGACCGAGGACT
TCTTCAAGCTGGAAAGGGACATGAAGATCAACTGCTCCGGCAAGATCGTGATCGCCAGATACGGC
AAGGTGTTCAGGGGCAACAAAGTGAAGAACGCTCAGCTGGCTGGGGCCACCGGCGTGATCCTGTA
CTCTGACCCCGCCGACTACTTCGCCCCAGGCGTGAAGTCCTACCCCGACGGCTGGAACCTGCCAG
GTGGCGGAGTGCAGAGGGGCAACATCCTGAACCTGAACGGCGCTGGCGACCCCCTGACCCCAGGA
TACCCCGCCAACGAGTACGCCTACAGAAGAGGAATCGCCGAGGCCGTGGGCCTGCCCTCTATCCC
AGTGCACCCCATCGGCTACTACGACGCCCAGAAACTGCTGGAAAAGATGGGCGGCTCCGCCTCCC
CCGACTCCTCTTGGAGAGGCTCCCTGAAGGTGCCCTACAACGTGGGCCCAGGCTTCACCGGCAAC
TTCTCCACCCAGAAAGTGAAGATGCACATCCACTCCACCTCCGAAGTGACCAGGATCTACAACGT
GATCGGCACCCTGAGAGGCGCCGTGGAACCCGACAGATACGTGATCCTGGGCGGCCACAGGGACA
GCTGGGTGTTCGGCGGCATCGACCCACAGTCTGGCGCCGCTGTGGTGCACGAGATCGTGCGGTCC
TTCGGAACCCTGAAGAAAGAGGGATGGCGCCCCAGAAGGACAATCCTGTTCGCCTCCTGGGACGC
CGAGGAATTCGGCCTGCTGGGATCCACCGAGTGGGCCGAGGAAAACTCCAGGCTGCTGCAGGARA
GGGGCGTCGCCTACATCAACGCCGACTCCTCCATCGAGGGCAACTACACCCTGAGGGTGGACTGC
ACCCCCCTGATGTACTCCCTGGTGTACAACCTGACCAAAGAGCTGGAATCCCCCGACGAGGGCTT
CGAGGGCAAGTCCCTGTACGAGTCCTGGACCAAGAAGTCCCCATCCCCCGAGTTCTCCGGCATGC
CCAGGATCTCCAAGCTGGGCTCCGGCAACGACTTCGAGGTGTTCTTCCAGAGGCTGGGAATCGCC
TCCGGCAGGGCCAGATACACCAAGAACTGGGAGACAAACAAGTTCTCCTCCTACCCCCTGTACCA
CTCCGTGTACGAAACCTACGAGCTGGTGGAAAAGTTCTACGACCCCATGTTCAAGTACCACCTGA
CCGTGGCCCAGGTCCGCGGAGGCATGGTGTTCGAGCTGGCCAACTCCGTGGTGCTGCCCTTCGAC
TGCAGAGACTATGCTGTGGTGCTGAGGAAGTACGCCGACAAAATCTACAACATCTCCATGAAGCA
CCCCCAGGAAATGAAGACCTACTCCGTGTCCTTCGACTCCCTGTTCTCCGCCGTGAAGAATTTCA
CCGAGATCGCCTCCAAGTTCTCCGAGAGGCTGAGGGACTTCGACAAGTCCAACCCCATCCTGCTG
AGGATGATGAACGACCAGCTGATGTTCCTGGAAAGGGCCTTCATCGACCCCCTGGGCCTGCCAGA
CAGGCCCTTCTACAGGCACGTGATCTACGCCCCATCCTCCCACAACAAATACGCCGGCGAGTCCT
TCCCCGGCATCTACGATGCCCTGTTCGACATCGAGTCCAAGGTGGACCCCTCCCAGGCTTGGGGC
GAAGTGAAGAGGCAGATCAGTATCGCCACATTCACAGTGCAGGCCGCTGCCGAAACCCTGTCCGA
GGTGGCC

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 62

<210> SEQ ID NO 1

<211> LENGTH: 750

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Trp Asn Leu Leu His Glu Thr Asp Ser Ala Val Ala Thr Ala Arg
1 5 10 15

Arg Pro Arg Trp Leu Cys Ala Gly Ala Leu Val Leu Ala Gly Gly Phe
20 25 30

Phe Leu Leu Gly Phe Leu Phe Gly Trp Phe Ile Lys Ser Ser Asn Glu
35 40 45

Ala Thr Asn Ile Thr Pro Lys His Asn Met Lys Ala Phe Leu Asp Glu
50 55 60

Leu Lys Ala Glu Asn Ile Lys Lys Phe Leu Tyr Asn Phe Thr Gln Ile
65 70 75 80

Pro His Leu Ala Gly Thr Glu Gln Asn Phe Gln Leu Ala Lys Gln Ile
85 90 95
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176

Gln

Tyr

Ser

Glu

145

Phe

Lys

Phe

225

Ser

Asn

Pro

Leu

Leu

305

Gly

Phe

Thr

Asp

Gly

385

Ser

Leu

Glu

Tyr

Asp

465

Leu

Trp

Ser

Ser

Asp

Ile

130

Pro

Ser

Asn

Ile

Arg

210

Ile

Tyr

Ile

Ala

Pro

290

Leu

Ser

Ser

Arg

Arg

370

Ile

Phe

Phe

Trp

Ile

450

Cys

Lys

Thr

Lys

Gln

Val

115

Ile

Pro

Ala

Tyr

Asn

195

Gly

Leu

Pro

Leu

Asn

275

Ser

Glu

Leu

Thr

Ile

355

Tyr

Asp

Gly

Ala

Ala

435

Asn

Thr

Ser

Lys

Leu

Trp

100

Leu

Asn

Pro

Phe

Ala

180

Cys

Asn

Tyr

Asp

Asn

260

Glu

Ile

Lys

Lys

Gln

340

Tyr

Val

Pro

Thr

Ser

420

Glu

Ala

Pro

Pro

Lys
500

Gly

Lys

Leu

Glu

Pro

Ser

165

Arg

Ser

Lys

Ser

Gly

245

Leu

Tyr

Pro

Met

Val

325

Lys

Asn

Ile

Gln

Leu

405

Trp

Glu

Asp

Leu

Asp
485

Ser

Ser

Glu

Ser

Asp

Gly

150

Pro

Thr

Gly

Val

Asp

230

Trp

Asn

Ala

Val

Gly

310

Pro

Val

Val

Leu

Ser

390

Lys

Asp

Asn

Ser

Met
470
Glu

Pro

Gly

Phe

Tyr

Gly

135

Tyr

Gln

Glu

Lys

Lys

215

Pro

Asn

Gly

Tyr

His

295

Gly

Tyr

Lys

Ile

Gly

375

Gly

Lys

Ala

Ser

Ser

455

Tyr

Gly

Ser

Asn

Gly

Pro

120

Asn

Glu

Gly

Asp

Ile

200

Asn

Ala

Leu

Ala

Arg

280

Pro

Ser

Asn

Met

Gly

360

Gly

Ala

Glu

Glu

Arg

440

Ile

Ser

Phe

Pro

Asp

Leu

105

Asn

Glu

Asn

Met

Phe

185

Val

Ala

Asp

Pro

Gly

265

Arg

Ile

Ala

Val

His

345

Thr

His

Ala

Gly

Glu

425

Leu

Glu

Leu

Glu

Glu
505

Phe

Asp

Lys

Ile

Val

Pro

170

Phe

Ile

Gln

Tyr

Gly

250

Asp

Gly

Gly

Pro

Gly

330

Ile

Leu

Arg

Val

Trp

410

Phe

Leu

Gly

Val

Gly
490

Phe

Glu

Ser

Thr

Phe

Ser

155

Glu

Lys

Ala

Leu

Phe

235

Gly

Pro

Ile

Tyr

Pro

315

Pro

His

Arg

Asp

Val

395

Arg

Gly

Gln

Asn

His
475
Lys

Ser

Val

Val

His

Asn

140

Asp

Gly

Leu

Arg

Ala

220

Ala

Gly

Leu

Ala

Tyr

300

Asp

Gly

Ser

Gly

Ser

380

His

Pro

Leu

Glu

Tyr

460

Asn

Ser

Gly

Phe

Glu

Pro

125

Thr

Ile

Asp

Glu

Tyr

205

Gly

Pro

Val

Thr

Glu

285

Asp

Ser

Phe

Thr

Ala

365

Trp

Glu

Arg

Leu

Arg

445

Thr

Leu

Leu

Met

Phe

Leu

110

Asn

Ser

Val

Leu

Arg

190

Gly

Ala

Gly

Gln

Pro

270

Ala

Ala

Ser

Thr

Asn

350

Val

Val

Ile

Arg

Gly

430

Gly

Leu

Thr

Tyr

Pro
510

Gln

Ala

Tyr

Leu

Pro

Val

175

Asp

Lys

Lys

Val

Arg

255

Gly

Val

Gln

Trp

Gly

335

Glu

Glu

Phe

Val

Thr

415

Ser

Val

Arg

Lys

Glu
495

Arg

Arg

His

Ile

Phe

Pro

160

Tyr

Met

Val

Gly

Lys

240

Gly

Tyr

Gly

Lys

Arg

320

Asn

Val

Pro

Gly

Arg

400

Ile

Thr

Ala

Val

Glu
480
Ser

Ile

Leu
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515 520 525

Gly Ile Ala Ser Gly Arg Ala Arg Tyr Thr Lys Asn Trp Glu Thr Asn
530 535 540

Lys Phe Ser Gly Tyr Pro Leu Tyr His Ser Val Tyr Glu Thr Tyr Glu
545 550 555 560

Leu Val Glu Lys Phe Tyr Asp Pro Met Phe Lys Tyr His Leu Thr Val
565 570 575

Ala Gln Val Arg Gly Gly Met Val Phe Glu Leu Ala Asn Ser Ile Val
580 585 590

Leu Pro Phe Asp Cys Arg Asp Tyr Ala Val Val Leu Arg Lys Tyr Ala
595 600 605

Asp Lys Ile Tyr Ser Ile Ser Met Lys His Pro Gln Glu Met Lys Thr
610 615 620

Tyr Ser Val Ser Phe Asp Ser Leu Phe Ser Ala Val Lys Asn Phe Thr
625 630 635 640

Glu Ile Ala Ser Lys Phe Ser Glu Arg Leu Gln Asp Phe Asp Lys Ser
645 650 655

Asn Pro Ile Val Leu Arg Met Met Asn Asp Gln Leu Met Phe Leu Glu
660 665 670

Arg Ala Phe Ile Asp Pro Leu Gly Leu Pro Asp Arg Pro Phe Tyr Arg
675 680 685

His Val Ile Tyr Ala Pro Ser Ser His Asn Lys Tyr Ala Gly Glu Ser
690 695 700

Phe Pro Gly Ile Tyr Asp Ala Leu Phe Asp Ile Glu Ser Lys Val Asp
705 710 715 720

Pro Ser Lys Ala Trp Gly Glu Val Lys Arg Gln Ile Tyr Val Ala Ala
725 730 735

Phe Thr Val Gln Ala Ala Ala Glu Thr Leu Ser Glu Val Ala
740 745 750

<210> SEQ ID NO 2

<211> LENGTH: 2250

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

atgtggaatc tccttcacga aaccgacteg getgtggeca cegegegecg cccegegetgg 60
ctgtgegetyg gggegetggt getggegggt ggettettte tecteggett cctetteggg 120
tggtttataa aatcctccaa tgaagctact aacattactce caaagcataa tatgaaagca 180
tttttggatg aattgaaagc tgagaacatc aagaagttet tatataattt tacacagata 240
ccacatttag caggaacaga acaaaacttt cagcttgcaa agcaaattca atcccagtgg 300
aaagaatttyg gcctggatte tgttgageta gecacattatg atgtcetgtt gtectaccca 360
aataagactc atcccaacta catctcaata attaatgaag atggaaatga gattttcaac 420
acatcattat ttgaaccacc tcctccagga tatgaaaatg ttteggatat tgtaccacct 480
ttcagtgett tctectectea aggaatgeca gagggcegatce tagtgtatgt taactatgca 540
cgaactgaag acttctttaa attggaacgg gacatgaaaa tcaattgete tgggaaaatt 600
gtaattgcca gatatgggaa agttttcaga ggaaataagg ttaaaaatgce ccagetggea 660
ggggccaaag gagtcattcet ctactccgac cctgctgact actttgetece tggggtgaag 720
tcctatccag atggttggaa tettectgga ggtggtgtece agegtggaaa tatcctaaat 780

ctgaatggtyg caggagaccce tctcacacca ggttacccag caaatgaata tgcttatagg 840
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180

-continued
cgtggaattyg cagaggctgt tggtctteca agtattcectyg ttcatccaat tggatactat 900
gatgcacaga agctcctaga aaaaatgggt ggctcagcac caccagatag cagctggaga 960
ggaagtctca aagtgcccta caatgttgga cctggcttta ctggaaactt ttctacacaa 1020
aaagtcaaga tgcacatcca ctctaccaat gaagtgacaa gaatttacaa tgtgataggt 1080
actctcagag gagcagtgga accagacaga tatgtcattc tgggaggtca ccgggactca 1140
tgggtgtttg gtggtattga ccctcagagt ggagcagcetg ttgttcatga aattgtgagg 1200
agctttggaa cactgaaaaa ggaagggtgg agacctagaa gaacaatttt gtttgcaagc 1260
tgggatgcag aagaatttgg tcecttcttggt tctactgagt gggcagagga gaattcaaga 1320
cteccttcaag agegtggegt ggcttatatt aatgctgact catctataga aggaaactac 1380
actctgagag ttgattgtac accgctgatg tacagcttgg tacacaacct aacaaaagag 1440
ctgaaaagcc ctgatgaagg ctttgaaggc aaatctcttt atgaaagttg gactaaaaaa 1500
agtccttecece cagagttcag tggcatgcce aggataagca aattgggatce tggaaatgat 1560
tttgaggtgt tcttccaacg acttggaatt gcttcaggca gagcacggta tactaaaaat 1620
tgggaaacaa acaaattcag cggctatcca ctgtatcaca gtgtctatga aacatatgag 1680
ttggtggaaa agttttatga tccaatgttt aaatatcacc tcactgtggce ccaggttcga 1740
ggagggatgg tgtttgagct agccaattcc atagtgctec cttttgattg tcgagattat 1800
gctgtagttt taagaaagta tgctgacaaa atctacagta tttctatgaa acatccacag 1860
gaaatgaaga catacagtgt atcatttgat tcactttttt ctgcagtaaa gaattttaca 1920
gaaattgctt ccaagttcag tgagagactc caggactttg acaaaagcaa cccaatagta 1980
ttaagaatga tgaatgatca actcatgttt ctggaaagag catttattga tccattaggg 2040
ttaccagaca ggccttttta taggcatgtc atctatgctc caagcagcca caacaagtat 2100
gcaggggagt cattcccagg aatttatgat gectctgtttg atattgaaag caaagtggac 2160
ccttceccaagg cctggggaga agtgaagaga cagatttatg ttgcagcectt cacagtgcag 2220
gcagctgcag agactttgag tgaagtagcc 2250

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 3
H: 739
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 3

Met Ala Ser
1

Leu Ala Gly

Lys Ser Ser
35

Ala Phe Leu
50

Leu Phe Thr
65

Leu Ala Lys

Val Glu Leu

Ala Arg Arg Pro Arg

5

Gly Phe Phe Leu Leu

20

Ser Glu Ala Thr Asn

40

Asp Glu Met Lys Ala

55

Gln Ile Pro His Leu

70

Gln Ile Gln Ala Glu

85

Ala His Tyr Asp Val

100

Trp Leu Cys
10

Gly Phe Leu
25

Ile Ser Pro

Glu Asn Ile

Ala Gly Thr
75

Trp Lys Glu
90

Leu Leu Ser
105

synthetic construct

Ala Gly Ala

Phe Gly Trp
30

Gln His Asn
45

Lys Lys Phe
60

Glu Gln Asn

Phe Gly Leu

Tyr Pro Asn
110

Leu Val
15

Phe Ile

Val Lys

Leu Tyr

Phe Gln
80

Asp Ser
95

Glu Thr
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182

Asn

Asp

145

Gly

Leu

Arg

Ala

Ala

225

Gly

Leu

Ala

Tyr

Asp

305

Gly

Ser

Gly

Ala

His

385

Pro

Leu

Glu

Tyr

Asn
465
Ser

Gly

Phe

Pro

Thr

130

Val

Asp

Glu

Tyr

Gly

210

Pro

Val

Thr

Glu

Asp

290

Ser

Phe

Thr

Ala

Trp

370

Glu

Arg

Leu

Arg

Thr

450

Leu

Leu

Val

Phe

Asn

115

Ser

Val

Leu

Arg

Gly

195

Ala

Gly

Gln

Pro

Ala

275

Ala

Ser

Thr

Asn

Val

355

Val

Ile

Arg

Gly

Gly

435

Leu

Thr

Tyr

Pro

Gln
515

Tyr

Leu

Pro

Val

Glu

180

Lys

Lys

Val

Arg

Gly

260

Val

Gln

Trp

Gly

Glu

340

Glu

Phe

Val

Thr

Ser

420

Val

Arg

Lys

Glu

Arg
500

Arg

Ile

Phe

Pro

Tyr

165

Leu

Val

Gly

Lys

Gly

245

Tyr

Gly

Lys

Lys

Asn

325

Val

Pro

Gly

Arg

Ile

405

Thr

Ala

Val

Glu

Ser
485

Ile

Leu

Ser

Glu

Tyr

150

Val

Lys

Phe

Ile

Ser

230

Asn

Pro

Leu

Leu

Gly

310

Phe

Thr

Asp

Gly

Ser

390

Ile

Glu

Tyr

Asp

Leu
470
Trp

Asn

Gly

Ile Ile Asp Glu Asp Gly Asn Glu Ile
120 125

Pro Pro Pro Pro Gly Tyr Glu Asn Ile
135 140

Ser Ala Phe Ser Pro Gln Gly Met Pro
155

Asn Tyr Ala Arg Thr Glu Asp Phe Phe
170 175

Ile Asn Cys Ser Gly Lys Ile Leu Ile
185 190

Arg Gly Asn Lys Val Lys Asn Ala Gln
200 205

Ile Leu Tyr Ser Asp Pro Ala Asp Tyr
215 220

Tyr Pro Asp Gly Trp Asn Leu Pro Gly
235

Val Leu Asn Leu Asn Gly Ala Gly Asp
250 255

Ala Asn Glu Tyr Ala Tyr Arg Arg Glu
265 270

Pro Ser Ile Pro Val His Pro Ile Gly
280 285

Leu Glu Lys Met Gly Gly Ser Ala Pro
295 300

Ser Leu Lys Val Pro Tyr Asn Val Gly
315

Ser Thr Gln Lys Val Lys Met His Ile
330 335

Arg Ile Tyr Asn Val Ile Gly Thr Ile
345 350

Arg Tyr Val Ile Leu Gly Gly His Arg
360 365

Ile Asp Pro Gln Ser Gly Ala Ala Val
375 380

Phe Gly Thr Leu Lys Lys Lys Gly Trp
395

Phe Ala Ser Trp Asp Ala Glu Glu Phe
410 415

Trp Ala Glu Glu Asn Ser Arg Leu Leu
425 430

Ile Asn Ala Asp Ser Ser Ile Glu Gly
440 445

Cys Thr Pro Leu Met Tyr Ser Leu Val
455 460

Gln Ser Pro Asp Glu Gly Phe Glu Gly
475

Thr Lys Lys Ser Pro Ser Pro Glu Phe
490 495

Lys Leu Gly Ser Gly Asn Asp Phe Glu
505 510

Ile Ala Ser Gly Arg Ala Arg Tyr Thr
520 525

Phe

Ser

Glu

160

Lys

Ala

Leu

Phe

Gly

240

Pro

Leu

Tyr

Pro

Pro

320

His

Arg

Asp

Val

Arg

400

Gly

Gln

Asn

Tyr

Lys

480

Ser

Val

Lys
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184

Asn Trp Lys
530

Tyr Glu Thr
545

Tyr His Leu
Ala Asp Ser
Leu Arg Lys
595
Glu Glu Leu
610
625

Asp Phe Asp

Leu Met Phe

Arg Pro Phe

675

Tyr Ala Gly
690

Glu Ser Lys
705

Ile Tyr Val

Glu Val Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Asn Lys Phe Ser

535

Tyr Glu Leu Val Glu
550

Thr Val Ala Gln Val

565

Ile Val Leu Pro Phe

580

Tyr Ala Asp Lys Ile

600

Lys Thr Tyr Ser Val

615

Phe Thr Glu Ile Ala
630

Lys Asn Asn Pro Leu

645

Leu Glu Arg Ala Phe

660

Tyr Arg His Val Ile

680

Glu Ser Phe Pro Gly

695

Val Asp Pro Ser Lys
710

Ala Ala Phe Thr Val

725
D NO 4
H: 2217

DNA

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 4

atggctageg

ttettectge

atcagcccce

aagtttetgt

ctggccaage

cactacgacg

gacgaggacyg

gagaacatct

ggcgacctgg

ctgaagatca

aacaaagtga

gecgactact

ggagtgcagc

tacccegeca

ccagacggec

tgggcttect

agcacaacgt

acctgttcac

agattcagge

tgctgetgte

gcaacgagat

ccgacgtggt

tgtacgtgaa

actgcagegyg

agaacgcaca

tegecectygy

ggggcaacgt

acgagtacge

cagatggetyg

gttcggctgg

gaaggecttt

ccagatcece

tgagtggaaa

ctaccccaac

tttcaacacc

gececectac

ctacgecegyg

caagatcctyg

gctggctgga

cgtgaagtec

getgaaccty

ctaccggegy

Gly Tyr Pro
Lys Phe Tyr
555

Arg Gly Gly
570

Asp Cys Gln
585

Tyr Asn Leu

Ser Phe Asp

Ser Lys Phe
635

Leu Val Arg
650

Val Asp Pro
665

Tyr Ala Pro

Ile Tyr Asp

Ala Trp Gly
715

Gln Ala Ala
730

tgcgceggag
ttcatcaaga
ctggacgaga
cacctggeceyg
gagtteggece
gagacacacc
agcctgtteg
agcgecttea
accgaggact
atcgccagat
gccaagggca
taccctgacyg
aacggagcecg

gagctggeeg

Leu Tyr His
540

Asp Pro Met

Leu Val Phe

Asp Tyr Ala

590

Ala Met Lys
605

Ser Leu Phe
620

Asn Gln Arg

Met Leu Asn

Leu Gly Leu

670

Ser Ser His
685

Ala Leu Phe
700

Glu Val Lys

Ala Glu Thr

Synthetic Construct

cecctggtget

gcagcagega

tgaaggccga

gcaccgagca

tggacagcgt

ccaactacat

agcccectee

gecctcaggg

tcttcaaget

acggcaaggt

tcatcctgta

getggaacct

gegaccctet

aagccgtggg

Ser Val
Phe Lys
560

Glu Leu
575

Val Val

His Pro

Ser Ala

Leu Gln
640

Asp Gln
655

Pro Asp

Asn Lys

Asp Ile

Arg Gln
720

Leu Ser
735

ggcceggagga
ggccaccaac
gaacatcaag
gaacttccag
ggagctggece
cagcatcatce
ccectggetac
aatgcctgaa
ggaacgggag
gtteegggge
cagcgaccce
gectggegge
gaccccagge

cctgeccage

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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-continued
atcceegtge accccategg ctactacgac geccagaaac tgctggaaaa gatgggegge 900
agcgeccecte ccgacagcag ctggaaggge agectgaagyg tgccctacaa cgtgggecct 960
ggcttcaceyg gcaacttcag cacccagaaa gtgaagatgce acatccacag caccaacgaa 1020
gtgaccegga tctacaacgt gatcggcacce atcagaggceg cegtggagec cgacagatac 1080
gtgatcctygyg geggecacceg ggacgectgg gtgtteggeyg geatcgacce ccagagcegga 1140
geegecegtygy tgcacgagat cgtgeggage tteggcacce tgaagaagaa gggetggegy 1200
cccagacgga ccatcatctt cgccagetgg gacgccgagg aattcggact getgggetcet 1260
accgagtggg ccgaggaaaa cagcagactg ctgcaggaac ggggcgtege ctacatcaac 1320
geegacaget ccatcgaggg caactacacce ctgegggtgg actgcaccce cctgatgtac 1380
agcctggtgt acaacctgac caaagagcetg cagagccceeg acgagggcett cgagggcaag 1440
agcctgtacyg agagctggac caagaagtcce cecagcecceeg agttcagegyg cgtgecccgg 1500
atcaacaagc tgggcagcgg caacgacttc gaggtgttet tccagaggct gggcattgcece 1560
agcggcagag cccggtacac caagaactgg aaaaccaaca agttctcegg ctacccectg 1620
taccacagcg tgtacgagac atacgaactg gtggagaagt tctacgaccc catgttcaag 1680
taccacctga ccgtggccca ggtccgggga gggctggtgt tcgaactgge cgacagcatce 1740
gtgctgcect tcgactgcca ggactatget gtggtgctge ggaagtacgc cgacaaaatc 1800
tacaacctgg ccatgaagca ccccgaggaa ctgaaaacct acagegtgte cttcegacage 1860
ctgttcagcg ccgtgaagaa cttcaccgag atcgccagca agttcaacca geggctgcag 1920
gacttcgaca agaacaaccc cctgctggtce cggatgctga acgaccagct gatgttectg 1980
gaacgggcect tcegtggacce cctgggectg cctgaccgge ccttctaccg gcacgtgatce 2040
tatgccccca gcagcecacaa caagtacgcet ggcgagaget tcecccggeat ctacgatgece 2100
ctgttegaca tcgagagcaa ggtggacccece agcaaggcect ggggcgaagt gaageggcag 2160
atatacgtgg ccgccttcac agtgcaggcce gctgccgaga cactgagcga ggtggec 2217

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 5
H: 739
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 5

Met Ala Ser
1

Leu Ala Gly

Lys Ser Ser
35

Ala Phe Leu
50

Asn Phe Thr
65

Leu Ala Lys

Val Glu Leu

His Pro Asn
115

Ala Arg Arg Pro Arg

5

Gly Phe Phe Leu Leu

20

Ser Glu Ala Thr Asn

40

Asp Glu Leu Lys Ala

55

Gln Ile Pro His Leu

70

Gln Ile Gln Ala Gln

85

Ser His Tyr Asp Val

100

Tyr Ile Ser Ile Ile

120

Trp

Gly

Ile

Glu

Ala

Trp

Leu

105

Asp

Leu

10

Phe

Thr

Asn

Gly

Lys

90

Leu

Glu

Cys

Leu

Pro

Ile

Thr

75

Glu

Ser

Asp

Synthetic Construct

Ala Gly Ala

Phe Gly Trp

Gln His Asn
45

Lys Lys Phe
60

Glu Gln Asn

Phe Gly Leu

Tyr Pro Asn
110

Gly Asn Glu
125

Leu Val
15

Phe Ile

Val Lys

Leu Tyr

Phe Glu

80

Asp Ser
95

Glu Thr

Ile Phe
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187

-continued

188

Asn

Asp

145

Gly

Leu

Arg

Ala

Ala

225

Gly

Leu

Ala

Tyr

Asp

305

Gly

Ser

Gly

Ala

His

385

Pro

Leu

Glu

Tyr

Asn

465

Ser

Gly

Phe

Asp

Thr

130

Val

Asp

Glu

Tyr

Gly

210

Pro

Val

Thr

Glu

Asp

290

Ser

Phe

Thr

Ala

Trp

370

Glu

Arg

Leu

Arg

Thr

450

Leu

Leu

Leu

Phe

Trp
530

Ser

Val

Leu

Arg

Gly

195

Ala

Gly

Gln

Pro

Ala

275

Ala

Ser

Thr

Asn

Val

355

Val

Ile

Arg

Gly

Gly

435

Leu

Thr

Phe

Pro

Gln

515

Lys

Leu

Pro

Val

Asp

180

Lys

Lys

Val

Arg

Gly

260

Val

Gln

Trp

Gly

Glu

340

Glu

Phe

Val

Thr

Ser

420

Val

Arg

Lys

Asp

Arg

500

Arg

Thr

Phe

Pro

Tyr

165

Met

Val

Gly

Lys

Gly

245

Tyr

Gly

Lys

Lys

Asn

325

Val

Pro

Gly

Arg

Ile

405

Thr

Ala

Val

Glu

Ser
485
Ile

Leu

Ser

Glu

Tyr

150

Val

Lys

Phe

Ile

Ser

230

Asn

Pro

Leu

Leu

Gly

310

Phe

Thr

Asp

Gly

Ser

390

Leu

Glu

Tyr

Asp

Leu

470

Trp

Ser

Gly

Lys

Pro Pro Pro Pro Gly Tyr Glu Asn Ile
135 140

Ser Ala Phe Ser Pro Gln Gly Met Pro
155

Asn Tyr Ala Arg Thr Glu Asp Phe Phe
170 175

Ile Asn Cys Ser Gly Lys Ile Leu Ile
185 190

Arg Gly Asn Lys Val Lys Asn Ala Gln
200 205

Ile Leu Tyr Ser Asp Pro Ala Asp Tyr
215 220

Tyr Pro Asp Gly Trp Asn Leu Pro Gly
235

Val Leu Asn Leu Asn Gly Ala Gly Asp
250 255

Ala Asn Glu Tyr Ala Tyr Arg Arg Gly
265 270

Pro Ser Ile Pro Val His Pro Ile Gly
280 285

Leu Glu Lys Met Gly Gly Ala Ala Pro
295 300

Ser Leu Gln Val Pro Tyr Asn Val Gly
315

Ser Thr Gln Lys Val Lys Met His Ile
330 335

Arg Ile Tyr Asn Val Ile Gly Thr Leu
345 350

Arg Tyr Val Ile Leu Gly Gly His Arg
360 365

Ile Asp Pro Gln Ser Gly Ala Ala Val
375 380

Phe Gly Thr Leu Lys Lys Lys Gly Trp
395

Phe Ala Ser Trp Asp Ala Glu Glu Phe
410 415

Trp Ala Glu Glu Asn Ser Arg Leu Leu
425 430

Ile Asn Ala Asp Ser Ser Ile Glu Gly
440 445

Cys Thr Pro Leu Met Tyr Ser Leu Val
455 460

Gln Ser Pro Asp Glu Gly Phe Glu Gly
475

Thr Glu Lys Ser Pro Ser Pro Glu Phe
490 495

Lys Leu Gly Ser Gly Asn Asp Phe Glu
505 510

Ile Ala Ser Gly Arg Ala Arg Tyr Thr
520 525

Phe Ser Gly Tyr Pro Leu Tyr His Ser
535 540

Ser

Glu

160

Lys

Ala

Leu

Phe

Gly

240

Pro

Ile

Tyr

Pro

Pro

320

His

Lys

Asp

Val

Arg

400

Gly

Gln

Asn

Tyr

Lys

480

Ser

Val

Lys

Val
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190

-continued

Tyr Glu Thr Tyr Glu Leu Val Glu Lys Phe Tyr Asp Pro Met Phe Lys
545 550 555 560
Tyr His Leu Thr Val Ala Gln Val Arg Gly Gly Ile Val Phe Glu Leu

565 570 575
Ala Asn Ser Val Val Leu Pro Phe Asp Cys Gln Asp Tyr Ala Val Val

580 585 590
Leu Lys Lys Tyr Ala Asp Lys Ile Tyr Asn Ile Ser Met Lys His Pro
595 600 605
Gln Glu Met Lys Thr Tyr Ser Val Ser Phe Asp Ser Leu Phe Ser Ala
610 615 620

Val Lys Asn Phe Thr Glu Ile Ala Ser Lys Phe Asn Gln Arg Leu Gln
625 630 635 640
Asp Phe Asp Lys Asn Asn Pro Ile Leu Leu Arg Met Met Asn Asp Gln

645 650 655
Leu Met Phe Leu Glu Arg Ala Phe Ile Asp Pro Leu Gly Leu Pro Asp

660 665 670
Arg Pro Phe Tyr Arg His Val Ile Tyr Ala Pro Ser Ser His Asn Lys
675 680 685
Tyr Ala Gly Glu Ser Phe Pro Gly Ile Tyr Asp Ala Leu Phe Asp Ile
690 695 700

Glu Ser Lys Val Asp Pro Ser Lys Ala Trp Gly Glu Val Lys Arg Gln
705 710 715 720
Ile Tyr Val Ala Ala Phe Thr Val Gln Ala Ala Ala Glu Thr Leu Ser

725 730 735
Glu Val Ala
<210> SEQ ID NO 6
<211> LENGTH: 2217
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 6
atggctageg ccagacggcece cagatggetg tgtgetggeg cectggtget ggetggegge 60
tttttectge tgggettect gtteggetgg ttcatcaaga gcagcagcega ggccaccaac 120
atcaccccee agcacaacgt gaaggecttt ctggacgage tgaaggccga gaatatcaag 180
aagttcctgt acaacttcac ccagatcccece cacctggecyg gcaccgagca gaacttcgag 240
ctggccaage agatccagge ccagtggaaa gagttceggece tggacagegt ggaactgage 300
cactacgacg tgctgctgag ctaccccaac gagacacacce ccaactacat cagcatcate 360
gacgaggacyg gcaacgagat tttcaacacc agcctgtteg agcccectec acccggctac 420
gagaacatca gcgacgtggt gccccectac agcgcattca gtcecacaggg aatgcccgag 480
ggcgacctygyg tgtacgtgaa ctacgcccgg accgaggact tcttcaaget ggaacgggac 540
atgaagatca actgcagcgg caagatcctg atcgccagat acggcaaggt gttccgggge 600
aacaaagtga agaacgccca gectggcagge gecaagggca tcatcctgta cagcgaccce 660
geegactact tegeccctgg cgtgaagtcece taccccgacyg getggaacct gectggegge 720
ggagtgcaga ggggcaacgt gctgaacctg aacggegcetyg gegaccctet gaccectgge 780
taccecegeca acgagtacgce ctacagacgg ggaatcgecyg aggecgtggyg cctgectage 840
atccectgtge accccatcgg ctactacgac geccagaaac tgctggaaaa gatgggcegga 900
geegeccecte cecgacagete ttggaaggge agectgcagg tceccctacaa cgtgggeect 960
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192

-continued
ggcttcaceyg gcaacttcag cacccagaaa gtgaagatgce acatccacag caccaacgaa 1020
gtgaccegga tctacaacgt gatcggcace ctgaagggceyg ccgtggaacc cgacagatac 1080
gtgatcctygyg geggecaceg ggacgectgg gtgtteggag geatcgacce tcagagegge 1140
getgeegtygyg tgcacgagat cgtgeggage tteggcacac tgaagaagaa gggcetggegyg 1200
cccagacgga ccatcctgtt cgccagetgg gacgecgagyg aatteggect getgggcage 1260
accgagtggg ccgaggaaaa cagtcggetg ctgcaggaac ggggegtege ctacatcaac 1320
geegacagea gcatcgaggg caactacacce ctgegggtgg actgcacccce cctgatgtac 1380
agcctggtgt acaacctgac caaagagcetg cagagccceeg acgagggcett cgagggcaag 1440
tcectgtteg actectggac cgagaagtcce cccagceccecg agttcagcecgg cctgceccaga 1500
atcagcaagc tgggcagcgg caacgacttc gaggtgttet tccagegget gggaatcgcece 1560
agcggcagag cccggtacac caaggactgg aaaaccagca agttctcegyg ctacccectg 1620
taccacagcg tgtacgagac atacgagctg gtggaaaagt tctacgaccce catgttcaag 1680
taccacctga ccgtggccca ggtccgagge ggcatcgtgt tcgaactgge caacagcgtg 1740
gtgctgccat tcgattgtca ggactacgcce gtggtgctga agaagtacgc cgacaaaatc 1800
tacaacatca gcatgaagca cccccaggaa atgaaaacct acagegtgte cttcegacage 1860
ctgttcagcg ccgtgaagaa tttcaccgag atcgcctceca agttcaacca gagactgcag 1920
gacttcgaca agaacaaccc catcctgetg cggatgatga acgaccagct gatgttectg 1980
gaacgggect tcatcgacce cctgggectg cccgaccgge ccttttaccg gcacgtgatce 2040
tatgccccca gcagcecacaa caaatacgec ggcgagagtt tcecccggeat ctacgatgece 2100
ctgttegata tcgagagcaa ggtggacccece agcaaggcect ggggcgaagt gaagceggcag 2160
atttacgtgg ccgcattcac agtgcaggct gctgccgaga cactgagcga ggtggcec 2217

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 7
H: 739
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 7

Met Ala Ser
1

Leu Ala Gly

Lys Ser Ser
35

Ala Phe Leu
50

Asn Phe Thr
65

Leu Ala Lys

Val Glu Leu

His Pro Asn
115

Asn Thr Ser
130

Ala Arg Arg Pro Arg

5

Gly Phe Phe Leu Leu

20

Asn Glu Ala Thr Asn

40

Asp Glu Leu Lys Ala

55

Gln Ile Pro His Leu

70

Gln Ile Gln Ser Gln

85

Ala His Tyr Asp Val

100

Tyr Ile Ser Ile Ile

120

Leu Phe Glu Pro Pro

135

Trp Leu Cys
10

Gly Phe Leu
25

Ile Thr Pro

Glu Asn Ile

Ala Gly Thr
75

Trp Lys Glu
90

Leu Leu Ser
105

Asn Glu Asp

Pro Pro Gly

Synthetic Construct

Ala Gly Ala

Phe Gly Trp
30

Lys His Asn

Lys Lys Phe
60

Glu Gln Asn

Phe Gly Leu

Tyr Pro Asn
110

Gly Asn Glu
125

Tyr Glu Asn
140

Leu Val
15

Phe Ile

Met Lys

Leu Tyr

Phe Gln
80

Asp Ser
95
Lys Thr

Ile Phe

Val Ser
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193

-continued

194

Asp

145

Gly

Leu

Arg

Ala

Ala

225

Gly

Leu

Ala

Tyr

Asp

305

Gly

Ser

Gly

Ser

His

385

Pro

Leu

Glu

Tyr

Asn

465

Ser

Gly

Phe

Asp

Tyr
545

Ile

Asp

Glu

Tyr

Gly

210

Pro

Val

Thr

Glu

Asp

290

Ser

Phe

Asn

Ala

Trp

370

Glu

Arg

Leu

Arg

Thr

450

Leu

Leu

Leu

Phe

Trp

530

Glu

Val

Leu

Arg

Gly

195

Ala

Gly

Gln

Pro

Ala

275

Ala

Ser

Thr

Thr

Val

355

Val

Ile

Arg

Gly

Gly

435

Leu

Thr

Tyr

Pro

Gln
515

Lys

Thr

Pro

Val

Asp

180

Lys

Lys

Val

Arg

Gly

260

Val

Gln

Trp

Gly

Lys

340

Glu

Phe

Val

Thr

Ser

420

Val

Arg

Lys

Glu

Arg
500
Arg

Thr

Tyr

Pro

Tyr

165

Met

Val

Gly

Lys

Gly

245

Tyr

Gly

Lys

Arg

Asn

325

Val

Pro

Gly

Arg

Ile

405

Thr

Ala

Val

Glu

Ser

485

Ile

Leu

Ser

Glu

Phe

150

Val

Lys

Phe

Val

Ser

230

Asn

Pro

Leu

Leu

Gly

310

Phe

Thr

Asp

Gly

Thr

390

Leu

Glu

Tyr

Asp

Leu

470

Trp

Ser

Gly

Lys

Leu
550

Ser Ala Phe Ser Pro Gln Gly Met Pro
155

Asn Tyr Ala Arg Thr Glu Asp Phe Phe
170 175

Ile Asn Cys Ser Gly Lys Ile Val Ile
185 190

Arg Gly Asn Lys Val Lys Asn Ala Gln
200 205

Ile Leu Tyr Ser Asp Pro Ala Asp Tyr
215 220

Tyr Pro Asp Gly Trp Asn Leu Pro Gly
235

Ile Leu Asn Leu Asn Gly Ala Gly Asp
250 255

Ala Asn Glu Tyr Ala Tyr Arg Arg Gly
265 270

Pro Ser Ile Pro Val His Pro Ile Gly
280 285

Leu Glu Lys Met Gly Gly Ser Ala Pro
295 300

Ser Leu Lys Val Pro Tyr Asn Val Gly
315

Ser Ala Gln Lys Leu Lys Leu His Ile
330 335

Arg Ile Tyr Asn Val Ile Gly Thr Leu
345 350

Arg Tyr Val Ile Leu Gly Gly His Arg
360 365

Ile Asp Pro Gln Ser Gly Ala Ala Val
375 380

Phe Gly Thr Leu Lys Lys Lys Gly Trp
395

Phe Ala Ser Trp Asp Ala Glu Glu Phe
410 415

Trp Ala Glu Glu Asn Ser Arg Leu Leu
425 430

Ile Asn Ala Asp Ser Ser Ile Glu Gly
440 445

Cys Thr Pro Leu Leu His Ser Leu Val
455 460

Lys Ser Pro Asp Glu Gly Phe Glu Gly
475

Thr Lys Lys Ser Pro Ser Pro Glu Leu
490 495

Lys Leu Gly Ser Gly Asn Asp Phe Glu
505 510

Ile Ser Ser Gly Arg Ala Arg Tyr Thr
520 525

Phe Ser Ser Tyr Pro Leu Tyr His Ser
535 540

Val Val Lys Phe Tyr Asp Pro Met Phe
555

Glu

160

Lys

Ala

Leu

Phe

Gly

240

Pro

Ile

Tyr

Pro

Pro

320

His

Arg

Asp

Val

Arg

400

Gly

Gln

Asn

Tyr

Lys

480

Ser

Val

Lys

Ile

Lys
560
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-continued

196

Tyr His Leu

Ala Asn Ser

Leu Lys Asn

595

Gln Glu Met
610

Val Lys Asn
625

Asp Phe Asp

Leu Met Phe

Arg Pro Phe

675

Tyr Ala Gly
690

Glu Ser Lys
705

Ile Tyr Val

Glu Val Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Val Ala Gln Val

565

Ile Val Leu Pro Phe

580

His Ala Glu Asn Leu

600

Lys Thr Tyr Ser Val

615

Phe Thr Glu Ile Ala
630

Lys Ser Asn Pro Ile

645

Leu Glu Arg Ala Phe

660

Tyr Arg His Val Ile

680

Glu Ser Phe Pro Gly

695

Val Asp Pro Ser Lys
710

Ala Ala Phe Thr Val

725
D NO 8
H: 2217

DNA

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 8

atggctageg

tttttectge

atcaccccca

aagttcctgt

ctggccaage

cactacgacg

aacgaggacg

gagaacgtgt

ggcgacctgg

atgaagatca

aacaaagtga

gecgactact

ggagtgcagc

tatccegeca

atccctgtge

agcgeeecte

ggcttcaccy

ccagacggec

tgggcttect

agcacaacat

acaacttcac

agatccagag

tgctgetgag

gcaacgagat

ccgacategt

tgtacgtgaa

actgcagegyg

agaacgccca

tegecectygy

ggggcaacat

acgagtacge

accccategyg

ccgatagete

gcaacttcag

cagatggetyg

gttcggctgg

gaaggecttt

ccagatcece

ccagtggaaa

ctaccccaac

tttcaacacc

gececcatte

ctacgecegyg

caagatcgtyg

gctggcaggc

cgtgaagtec

cctgaacctyg

ctacagacgg

ctactacgac

ttggagaggc

cgcccagaag

Arg Gly Gly
570

Asp Cys Arg
585

Tyr Ser Ile

Ser Phe Asp

Ser Lys Phe

635

Val Leu Arg
650

Ile Asp Pro
665

Tyr Ala Pro

Ile Tyr Asp

Ala Trp Gly

715

Gln Ala Ala
730

tgtgctggeyg
ttcatcaaga
ctggacgage
cacctggeceyg
gagtteggece
aagacccacc
agcctgtteg
agcgcattca
accgaggact
atcgccagat
gccaagggeyg
tacccecgacyg
aacggcgetyg
ggaatcgecyg
gcccagaaac
agcctgaagyg

ctgaagctge

Met Val Phe
Asp Tyr Ala
590

Ser Met Lys
605

Ser Leu Phe
620

Ser Glu Arg

Met Met Asn

Leu Gly Leu

670

Ser Ser His
685

Ala Leu Phe
700

Glu Val Lys

Ala Glu Thr

Synthetic Construct

cecctggtget

gcagcaacga

tgaaggccga

gcaccgagca

tggacagcgt

ccaactacat

agcccectee

gtccacaggg

tcttcaaget

acggcaaggt

tgatcctgta

getggaacct

gegacccect

aggcegtggg

tgctggaaaa

tgccctacaa

acatccacag

Glu Leu
575

Val Ala

His Pro

Ser Ala

Leu Gln

640

Asp Gln
655

Pro Asp

Asn Lys

Asp Ile

Arg Gln

720

Leu Ser
735

ggetggegge
ggccaccaac
gaatatcaag
gaacttccag
ggaactggcce
cagcatcatce
accecggetac
aatgcccgag
ggaacgggac
gtteegggge
tagcgaccce
geectggegge
gacccetgge
cctgectage
gatgggcgge
cgtgggeect

caacaccaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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198

-continued
gtgaccegga tctacaacgt gatcggcace ctgagaggceg ccgtggaacc cgacagatac 1080
gtgatcctgg geggcecaccg ggacagcetgg gtgtteggeg gcatcgaccce tcagtctgge 1140
gcecgetgtgg tgcacgagat cgtgcggacce tttggcaccee tgaagaagaa gggctggcegyg 1200
cccagacgga ccatcctgtt cgccagetgg gacgecgagyg aatteggect getgggcage 1260
accgagtggg ccgaggaaaa cagtcggetg ctgcaggaac ggggegtege ctacatcaac 1320
geegacagea gcatcgaggg caactacacce ctgegggtgg actgcaccce cctgetgeac 1380
agcctggtgt acaacctgac caaagagcetg aagtccceeg acgagggcett cgagggcaag 1440
agcctgtacyg agagctggac caagaagtcce cecagcecceeg agetgagegyg cctgeccaga 1500
atcagcaagc tgggcagcgg caacgacttc gaggtgttet tccagegget gggcatcagce 1560
agcggcagag cccggtacac caaggactgg aaaaccagca agttcagcag ctacccectg 1620
taccacagca tctacgagac atacgagctg gtggtcaagt tctacgaccce catgttcaag 1680
taccacctga ccgtggccca ggtccgagge ggcatggtgt tcgagectgge caacagcatce 1740
gtgctgecect tegactgeeg ggactacgcece gtggcectga agaaccacgce cgagaacctg 1800
tacagcatca gcatgaagca cccccaggaa atgaaaacct acagegtgte cttcegacage 1860
ctgttcagcg ccgtgaagaa tttcaccgag atcgcctceca agttcagcga geggctgcag 1920
gacttcgaca agagcaaccce catcgtgectg agaatgatga acgaccagct gatgttectg 1980
gaacgggect tcatcgacce cctgggectg cccgaccgge ccttttaccg gcacgtgatce 2040
tatgccccca gcagcecacaa caaatacgec ggcgagagtt tcecccggeat ctacgatgece 2100
ctgttegaca tcgagagcaa ggtggacccece agcaaggcect ggggcgaagt gaageggcag 2160
atttacgtgg ccgcattcac agtgcaggcce gctgccgaga cactgagcga ggtggcec 2217

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 9
H: 739
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 9

Met Ala Ser
1

Leu Ala Gly
Lys Ser Ser
35

Ala Phe Leu
50

Asn Phe Thr
65

Leu Ala Lys

Val Glu Leu

His Pro Asn

115

Asn Thr Ser
130

Asp Ile Val
145

Ala Arg Arg Pro Arg

5

Gly Phe Phe Leu Leu

20

Asn Glu Ala Thr Asn

40

Asp Glu Leu Lys Ala

55

Gln Ile Pro His Leu

70

Gln Ile Gln Ser Gln

85

Ala His Tyr Asp Val

100

Tyr Ile Ser Ile Ile

120

Leu Phe Glu Pro Pro

135

Pro Pro Phe Ser Ala
150

Trp Leu Cys
10

Gly Phe Leu
25

Ile Thr Pro

Glu Asn Ile

Ala Gly Thr
75

Trp Lys Glu
90

Leu Leu Ser
105

Asn Glu Asp

Pro Pro Gly

Phe Ser Pro
155

Synthetic Construct

Ala Gly Ala

Phe Gly Trp
30

Lys His Asn
45

Lys Lys Phe
60

Glu Gln Asn

Phe Gly Leu

Tyr Pro Asn
110

Gly Asn Glu
125

Tyr Glu Asn
140

Gln Gly Met

Leu Val
15

Phe Ile

Met Lys

Leu Tyr

Phe Gln

80

Asp Ser

95

Lys Thr

Ile Phe

Val Ser

Pro Glu
160



US 9,468,672 B2

199

-continued

200

Gly

Leu

Arg

Ala

Ala

225

Gly

Leu

Ala

Tyr

Asp

305

Gly

Ser

Gly

Ser

His

385

Pro

Leu

Glu

Tyr

Asn

465

Ser

Gly

Phe

Asn

Tyr
545

Tyr

Asp

Glu

Tyr

Gly

210

Pro

Val

Thr

Glu

Asp

290

Ser

Phe

Thr

Ala

Trp

370

Glu

Arg

Leu

Arg

Thr

450

Leu

Leu

Met

Phe

Trp

530

Glu

His

Leu

Arg

Gly

195

Ala

Gly

Gln

Pro

Ala

275

Ala

Ser

Thr

Asn

Val

355

Val

Ile

Arg

Gly

Gly

435

Leu

Thr

Tyr

Pro

Gln
515
Glu

Thr

Leu

Val

Asp

180

Lys

Lys

Val

Arg

Gly

260

Val

Gln

Trp

Gly

Glu

340

Glu

Phe

Val

Thr

Ser

420

Val

Arg

Lys

Glu

Arg

500

Arg

Thr

Tyr

Thr

Tyr

165

Met

Val

Gly

Lys

Gly

245

Tyr

Gly

Lys

Arg

Asn

325

Val

Pro

Gly

Arg

Ile

405

Thr

Ala

Val

Glu

Ser

485

Ile

Leu

Asn

Glu

Val
565

Val

Lys

Phe

Val

Ser

230

Asn

Pro

Leu

Leu

Gly

310

Phe

Thr

Asp

Gly

Ser

390

Leu

Glu

Tyr

Asp

Leu

470

Trp

Ser

Gly

Lys

Leu
550

Ala

Asn Tyr Ala Arg Thr Glu Asp Phe Phe
170 175

Ile Asn Cys Ser Gly Lys Ile Val Ile
185 190

Arg Gly Asn Lys Val Lys Asn Ala Gln
200 205

Ile Leu Tyr Ser Asp Pro Ala Asp Tyr
215 220

Tyr Pro Asp Gly Trp Asn Leu Pro Gly
235

Ile Leu Asn Leu Asn Gly Ala Gly Asp
250 255

Ala Asn Glu Tyr Ala Tyr Arg Arg Gly
265 270

Pro Ser Ile Pro Val His Pro Ile Gly
280 285

Leu Glu Lys Met Gly Gly Ser Ala Pro
295 300

Ser Leu Lys Val Pro Tyr Asn Val Gly
315

Ser Thr Gln Lys Val Lys Met His Ile
330 335

Arg Ile Tyr Asn Val Ile Gly Thr Leu
345 350

Arg Tyr Val Ile Leu Gly Gly His Arg
360 365

Ile Asp Pro Gln Ser Gly Ala Ala Val
375 380

Phe Gly Thr Leu Lys Lys Glu Gly Trp
395

Phe Ala Ser Trp Asp Ala Glu Glu Phe
410 415

Trp Ala Glu Glu Asn Ser Arg Leu Leu
425 430

Ile Asn Ala Asp Ser Ser Ile Glu Gly
440 445

Cys Thr Pro Leu Met Tyr Ser Leu Val
455 460

Lys Ser Pro Asp Glu Gly Phe Glu Gly
475

Thr Lys Lys Ser Pro Ser Pro Glu Phe
490 495

Lys Leu Gly Ser Gly Asn Asp Phe Glu
505 510

Ile Ala Ser Gly Arg Ala Arg Tyr Thr
520 525

Phe Ser Gly Tyr Pro Leu Tyr His Ser
535 540

Val Glu Lys Phe Tyr Asp Pro Met Phe
555

Gln Val Arg Gly Gly Met Val Phe Glu
570 575

Lys

Ala

Leu

Phe

Gly

240

Pro

Ile

Tyr

Pro

Pro

320

His

Arg

Asp

Val

Arg

400

Gly

Gln

Asn

His

Lys

480

Ser

Val

Lys

Val

Lys

560

Leu
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-continued

202

Ala Asn Ser
Leu Arg Lys
595
Gln Glu Met
610
625

Asp Phe Asp

Leu Met Phe

Arg Pro Phe

675

Tyr Ala Gly
690

Glu Ser Lys
705

Ile Tyr Val

Glu Val Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ile Val Leu Pro Phe

580

Tyr Ala Asp Lys Ile

600

Lys Thr Tyr Ser Val

615

Phe Thr Glu Ile Ala
630

Lys Ser Asn Pro Ile

645

Leu Glu Arg Ala Phe

660

Tyr Arg His Val Ile

680

Glu Ser Phe Pro Gly

695

Val Asp Pro Ser Lys
710

Ala Ala Phe Thr Val

725
D NO 10
H: 2217

DNA

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 10

atggctageg

ttctttectec

attactccaa

aagttcttat

cttgcaaage

cattatgatg

aatgaagatg

gaaaatgttt

ggcgatctag

atgaaaatca

aataaggtta

getgactact

ggtgtccage

tacccagcaa

attcctgtte

tcagcaccac

ggctttactyg

gtgacaagaa

gtcattctgg

cgegeagecd

teggettect

agcataatat

ataattttac

aaattcaatc

teetgttgte

gaaatgagat

cggatattgt

tgtatgttaa

attgctectgg

aaaatgccca

ttgctectygyg

gtggaaatat

atgaatatgc

atccaattgg

cagatagcag

gaaactttte

tttacaatgt

gaggtcaccyg

gegetggetg

cttcgggtgg

gaaagcattt

acagatacca

ccagtggaaa

ctacccaaat

tttcaacaca

accaccttte

ctatgcacga

gaaaattgta

getggeaggyg

ggtgaagtce

cctaaatetyg

ttataggegt

atactatgat

ctggagagga

tacacaaaaa

gataggtact

ggactcatgg

Asp Cys Arg
585

Tyr Ser Ile

Ser Phe Asp

Ser Lys Phe

635

Val Leu Arg
650

Ile Asp Pro
665

Tyr Ala Pro

Ile Tyr Asp

Ala Trp Gly

715

Gln Ala Ala
730

tgcgetgggg
tttataaaat
ttggatgaat
catttagcag
gaatttggce
aagactcatc
tcattatttg
agtgetttet
actgaagact
attgccagat
gccaaaggag
tatccagatg
aatggtgcag
ggaattgcag
gcacagaagce
agtctcaaag
gtcaagatgce
ctcagaggag

gtgtttggtyg

Asp Tyr Ala
590

Ser Met Lys
605

Ser Leu Phe
620

Ser Glu Arg

Met Met Asn

Leu Gly Leu

670

Ser Ser His
685

Ala Leu Phe
700

Glu Val Lys

Ala Glu Thr

Synthetic Construct

cgetggtget

cctecaatga

tgaaagctga

gaacagaaca

tggattctgt

ccaactacat

aaccacctce

ctcctcaagy

tctttaaatt

atgggaaagt

tcattctcta

gttggaatct

gagaccctet

aggctgttgg

tcctagaaaa

tgccctacaa

acatccactce

cagtggaacc

gtattgacce

Val Val

His Pro

Ser Ala

Leu Gln

640

Asp Gln
655

Pro Asp

Asn Lys

Asp Ile

Arg Gln
720

Leu Ser
735

ggcgggtgge
agctactaac
gaacatcaag
aaactttcag
tgagctggea
ctcaataatt
tccaggatat
aatgccagag
ggaacgggac
tttcagagga
ctcegacect
tcetggaggt
cacaccaggt
tctteccaagt
aatgggtgge
tgttggacct
taccaatgaa

agacagatat

tcagagtgga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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204

-continued
gcagctgttyg ttcatgaaat tgtgaggagc tttggaacac tgaaaaagga agggtggaga 1200
cctagaagaa caattttgtt tgcaagctgg gatgcagaag aatttggtcect tettggttcet 1260
actgagtggg cagaggagaa ttcaagactc cttcaagagc gtggcgtggce ttatattaat 1320
gctgactcat ctatagaagg aaactacact ctgagagttg attgtacacc gctgatgtac 1380
agcttggtac acaacctaac aaaagagctg aaaagccctg atgaaggctt tgaaggcaaa 1440
tctectttatg aaagttggac taaaaaaagt ccttcceccag agttcagtgg catgcccagg 1500
ataagcaaat tgggatctgg aaatgatttt gaggtgttct tccaacgact tggaattgcet 1560
tcaggcagag cacggtatac taaaaattgg gaaacaaaca aattcagcgg ctatccactg 1620
tatcacagtg tctatgaaac atatgagttg gtggaaaagt tttatgatcc aatgtttaaa 1680
tatcacctca ctgtggccca ggttcgagga gggatggtgt ttgagctggce caattccata 1740
gtgctceett ttgattgtcg agattatget gtagttttaa gaaagtatgc tgacaaaatc 1800
tacagtattt ctatgaaaca tccacaggaa atgaagacat acagtgtatc atttgattca 1860
cttttttectg cagtaaagaa ttttacagaa attgcttcca agttcagtga gagactccag 1920
gactttgaca aaagcaaccc aatagtatta agaatgatga atgatcaact catgtttctg 1980
gaaagagcat ttattgatcc attagggtta ccagacaggc ctttttatag gcatgtcatc 2040
tatgctccaa gcagccacaa caagtatgca ggggagtcat tcccaggaat ttatgatget 2100
ctgtttgata ttgaaagcaa agtggaccct tccaaggcect ggggagaagt gaagagacag 2160
atttatgttg cagccttcac agtgcaggca gctgcagaga ctttgagtga agtagcec 2217

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 11
H: 710
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 11

Met Ala Ser
1

Asn Met Lys

Phe Leu Tyr
35

Asn Phe Gln
50

Leu Asp Ser
65

Asn Lys Thr

Glu Ile Phe

Asn Val Ser

115

Met Pro Glu
130

Phe Phe Lys
145

Val Ile Ala

Lys Ser Ser Asn Glu

Ala Phe Leu Asp Glu

20

Asn Phe Thr Gln Ile

40

Leu Ala Lys Gln Ile

55

Val Glu Leu Ala His

70

His Pro Asn Tyr Ile

85

Asn Thr Ser Leu Phe

100

Asp Ile Val Pro Pro

120

Gly Asp Leu Val Tyr

135

Leu Glu Arg Asp Met
150

Arg Tyr Gly Lys Val

165

Ala Thr Asn
10

Leu Lys Ala
25

Pro His Leu

Gln Ser Gln

Tyr Asp Val
75

Ser Ile Ile
90

Glu Pro Pro
105

Phe Ser Ala

Val Asn Tyr

Lys Ile Asn
155

Phe Arg Gly
170

Synthetic Construct

Ile Thr Pro

Glu Asn Ile
30

Ala Gly Thr
45

Trp Lys Glu
60

Leu Leu Ser

Asn Glu Asp

Pro Pro Gly
110

Phe Ser Pro
125

Ala Arg Thr
140

Cys Ser Gly

Asn Lys Val

Lys His
15

Lys Lys

Glu Gln

Phe Gly

Tyr Pro
80

Gly Asn
95

Tyr Glu

Gln Gly

Glu Asp

Lys Ile

160

Lys Asn
175
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205

-continued

206

Ala

Asp

Pro

Gly

225

Arg

Ile

Ala

His
305

Thr

Ala

Gly

Glu

385

Leu

Glu

Leu

Glu

Glu

465

Phe

Tyr

Met
Phe
545

Ala

Lys

Gln

Tyr

Gly

210

Asp

Gly

Gly

Pro

Gly

290

Ile

Leu

Arg

Val

Trp

370

Phe

Leu

Gly

Val

Gly

450

Phe

Glu

Thr

Ser

Phe
530
Glu

Val

His

Leu

Phe

195

Gly

Pro

Ile

Tyr

Pro

275

Pro

His

Arg

Asp

Val

355

Arg

Gly

Gln

Asn

His

435

Lys

Ser

Val

Lys

Val

515

Lys

Leu

Val

Pro

Ala

180

Ala

Gly

Leu

Ala

Tyr

260

Asp

Gly

Ser

Gly

Ser

340

His

Pro

Leu

Glu

Tyr

420

Asn

Ser

Gly

Phe

Asn

500

Tyr

Tyr

Ala

Leu

Gln
580

Gly

Pro

Val

Thr

Glu

245

Asp

Ser

Phe

Thr

Ala

325

Trp

Glu

Arg

Leu

Arg

405

Thr

Leu

Leu

Met

Phe

485

Trp

Glu

His

Asn

Arg
565

Glu

Ala

Gly

Gln

Pro

230

Ala

Ala

Ser

Thr

Asn

310

Val

Val

Ile

Arg

Gly

390

Gly

Leu

Thr

Tyr

Pro

470

Gln

Glu

Thr

Leu

Ser
550

Lys

Met

Lys Gly Val Ile Leu Tyr Ser Asp Pro
185 190

Val Lys Ser Tyr Pro Asp Gly Trp Asn
200 205

Arg Gly Asn Ile Leu Asn Leu Asn Gly
215 220

Gly Tyr Pro Ala Asn Glu Tyr Ala Tyr
235

Val Gly Leu Pro Ser Ile Pro Val His
250 255

Gln Lys Leu Leu Glu Lys Met Gly Gly
265 270

Trp Arg Gly Ser Leu Lys Val Pro Tyr
280 285

Gly Asn Phe Ser Thr Gln Lys Val Lys
295 300

Glu Val Thr Arg Ile Tyr Asn Val Ile
315

Glu Pro Asp Arg Tyr Val Ile Leu Gly
330 335

Phe Gly Gly Ile Asp Pro Gln Ser Gly
345 350

Val Arg Ser Phe Gly Thr Leu Lys Lys
360 365

Thr Ile Leu Phe Ala Ser Trp Asp Ala
375 380

Ser Thr Glu Trp Ala Glu Glu Asn Ser
395

Val Ala Tyr Ile Asn Ala Asp Ser Ser
410 415

Arg Val Asp Cys Thr Pro Leu Met Tyr
425 430

Lys Glu Leu Lys Ser Pro Asp Glu Gly
440 445

Glu Ser Trp Thr Lys Lys Ser Pro Ser
455 460

Arg Ile Ser Lys Leu Gly Ser Gly Asn
475

Arg Leu Gly Ile Ala Ser Gly Arg Ala
490 495

Thr Asn Lys Phe Ser Gly Tyr Pro Leu
505 510

Tyr Glu Leu Val Glu Lys Phe Tyr Asp
520 525

Thr Val Ala Gln Val Arg Gly Gly Met
535 540

Ile Val Leu Pro Phe Asp Cys Arg Asp
555

Tyr Ala Asp Lys Ile Tyr Ser Ile Ser
570 575

Lys Thr Tyr Ser Val Ser Phe Asp Ser
585 590

Ala

Leu

Ala

Arg

240

Pro

Ser

Asn

Met

Gly

320

Gly

Ala

Glu

Glu

Arg

400

Ile

Ser

Phe

Pro

Asp

480

Arg

Tyr

Pro

Val

Tyr
560

Met

Leu
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-continued

208

Phe Ser Ala
595

Arg Leu Gln
610

Asn Asp Gln
625

Leu Pro Asp

His Asn Lys

Phe Asp Ile

675

Lys Arg Gln
690

Thr Leu Ser
705

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Lys Asn Phe Thr

600

Asp Phe Asp Lys Ser

615

Leu Met Phe Leu Glu
630

Arg Pro Phe Tyr Arg

645

Tyr Ala Gly Glu Ser

660

Glu Ser Lys Val Asp

680

Ile Tyr Val Ala Ala

695

Glu Val Ala
710

D NO 12
H: 2130
DNA

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 12

atggctagca

tttttggatg

ccacatttag

aaagaatttg

aataagactc

acatcattat

ttecagtgett

cgaactgaag

gtaattgcca

ggggccaaag

tcctatccag

ctgaatggtyg

cgtggaattyg

gatgcacaga

ggaagtctca

aaagtcaaga

actctcagag

tgggtgttty

agctttggaa

tgggatgcag

ctcettcaag

actctgagag

ctgaaaagcc

aatcctccaa

aattgaaagc

caggaacaga

gectggatte

atcccaacta

ttgaaccacc

tctctectea

acttctttaa

gatatgggaa

gagtcattct

atggttggaa

caggagaccc

cagaggctgt

agctcctaga

aagtgcecta

tgcacatcca

gagcagtgga

gtggtattga

cactgaaaaa

aagaatttgg

agcgtggege

ttgattgtac

ctgatgaagg

tgaagctact

tgagaacatc

acaaaacttt

tgttgagetyg

catctcaata

tcctecagga

aggaatgcca

attggaacgg

agttttcaga

ctacteccgac

tcttectgga

tctcacacca

tggtctteca

aaaaatgggt

caatgttgga

ctctaccaat

accagacaga

ccctcagagt

ggaagggtgg

tettettggt

ggcttatatt

accgctgatg

ctttgaagge

Glu

Asn

Arg

His

Phe

665

Pro

Phe

Ile

Pro

Ala

Val

650

Pro

Ser

Thr

Ala

Ile

Phe

635

Ile

Gly

Lys

Val

aacattactc

aagaagttct

cagcttgcaa

gcacattatg

attaatgaag

tatgaaaatg

gagggcgatc

gacatgaaaa

ggaaataagg

cctgetgact

ggtggtgtcc

ggttacccag

agtattcctg

ggctcagcac

cctggettta

gaagtgacaa

tatgtcattc

ggagcagctg

agacctagaa

tctactgagt

aatgctgact

tacagcttgg

aaatctcttt

Ser Lys Phe
605

Val Leu Arg
620

Ile Asp Pro

Tyr Ala Pro

Ile Tyr Asp

670

Ala Trp Gly
685

Gln Ala Ala
700

Synthetic Construct

caaagcataa

tatataattt

agcaaattca

atgtcctgtt

atggaaatga

ttteggatat

tagtgtatgt

tcaattgcetce

ttaaaaatgc

actttgctee

agcgtggaaa

caaatgaata

ttcatccaat

caccagatag

ctggaaactt
gaatttacaa

tgggaggtca

ttgttcatga

gaacaatttt

dggcagagga

catctataga

tacacaacct

atgaaagttyg

Ser Glu

Met Met

Leu Gly

640

Ser Ser
655

Ala Leu

Glu Val

Ala Glu

tatgaaagca
tacacagata
atcccagtygyg
gtcctaccca
gattttcaac
tgtaccacct
taactatgca
tgggaaaatt
ccagctggea
tggggtgaag
tatcctaaat
tgcttatagyg
tggatactat
cagctggaga
ttctacacaa
tgtgataggt
ccgggactca
aattgtgagyg
gtttgcaagce
gaattcaaga
aggaaactac
aacaaaagag

gactaaaaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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-continued

210

agtccttece

tttgaggtgt

tgggaaacaa

ttggtggaaa

ggagggatgg

getgtagttt

gaaatgaaga

gaaattgett

ttaagaatga

ttaccagaca

gcaggggagt

ccttecaagy

gcagctgeag

cagagttcag

tcttecaacy

acaaattcag

agttttatga

tgtttgaget

taagaaagta

catacagtgt

ccaagttcag

tgaatgatca

ggccttttta

cattcccagyg

cctggggaga

agactttgag

<210> SEQ ID NO 13
<211> LENGTH: 732

tggcatgece

acttggaatt

cggctateca

tccaatgttt

ggccaattee

tgctgacaaa

atcatttgat

tgagagactc

actcatgttt

taggcatgtc

aatttatgat

agtgaagaga

tgaagtagcc

<212>
<213>
<220>
<223>

TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

PRT

<400> SEQUENCE:

Met
1

Val
Asn
Ala
Leu

65

Gln

Ile

Pro

Ala

145

Tyr

Asn

Gly

Leu

Ala

Pro

Ile

Glu

50

Ala

Trp

Leu

Asn

Pro

130

Phe

Ala

Cys

Asn

Tyr
210

Ser

Gly

Thr

35

Asn

Gly

Lys

Leu

Glu

115

Pro

Ser

Arg

Ser

Lys

195

Ser

Glu

Ser

20

Pro

Ile

Thr

Glu

Ser

100

Asp

Gly

Pro

Thr

Gly
180

Val

Asp

13

Thr

Thr

Lys

Lys

Glu

Phe

85

Tyr

Gly

Tyr

Gln

Glu
165
Lys

Lys

Pro

Asp

Gly

His

Lys

Gln

70

Gly

Pro

Asn

Glu

Gly

150

Asp

Ile

Asn

Ala

aggataagca

gettcaggcea

ctgtatcaca

aaatatcacc

atagtgctce

atctacagta

tcactttttt

caggactttg

ctggaaagag

atctatgete

getetgttty

cagatttatg

aattgggatc

gagcacggta

gtgtctatga

tcactgtgge

cttttgattg

tttctatgaa

ctgcagtaaa

acaaaagcaa

catttattga

caagcagcca

atattgaaag

ttgcageett

tggaaatgat

tactaaaaat

aacatatgag

ccaggttega

tcgagattat

acatccacag

gaattttaca

cccaatagta

tccattaggy

caacaagtat

caaagtggac

cacagtgcag

Synthetic Construct

Thr

Asp

Asn

Phe

55

Asn

Leu

Asn

Glu

Asn

135

Met

Phe

Val

Ala

Asp
215

Leu

Ala

Met

40

Leu

Phe

Asp

Lys

Ile

120

Val

Pro

Phe

Ile

Gln

200

Tyr

Leu

Ala

25

Lys

Tyr

Gln

Ser

Thr

105

Phe

Ser

Glu

Lys

Ala

185

Leu

Phe

Leu

10

Lys

Ala

Asn

Leu

Val

90

His

Asn

Asp

Gly

Leu
170
Arg

Ala

Ala

Trp

Ser

Phe

Phe

Ala

75

Glu

Pro

Thr

Ile

Asp

155

Glu

Tyr

Gly

Pro

Val

Ser

Leu

Thr

60

Lys

Leu

Asn

Ser

Val

140

Leu

Arg

Gly

Ala

Gly
220

Leu

Asn

Asp

45

Gln

Gln

Ala

Tyr

Leu

125

Pro

Val

Asp

Lys

Lys

205

Val

Leu

Glu

30

Glu

Ile

Ile

His

Ile

110

Phe

Pro

Tyr

Met

Val
190

Gly

Lys

Leu

15

Ala

Leu

Pro

Gln

Tyr

95

Ser

Glu

Phe

Val

Lys

175

Phe

Val

Ser

Trp

Thr

Lys

His

Ser

80

Asp

Ile

Pro

Ser

Asn

160

Ile

Arg

Ile

Tyr

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2130
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-continued

212

Pro

225

Leu

Asn

Ser

Glu

Leu

305

Thr

Ile

Tyr

Asp

Gly

385

Ala

Ala

Asn

Thr

Ser

465

Lys

Leu

Ala

Ser

Glu

545

Phe

Ile

Ala
625

Ile

Asp

Asn

Glu

Ile

Lys

290

Lys

Gln

Tyr

Val

Pro

370

Thr

Ser

Glu

Ala

Pro

450

Pro

Lys

Gly

Ser

Gly

530

Lys

Arg

Asp

Tyr

Ser
610

Ser

Val

Gly

Leu

Tyr

Pro

275

Met

Val

Lys

Asn

Ile

355

Gln

Leu

Trp

Glu

Asp

435

Leu

Asp

Ser

Ser

Gly

515

Tyr

Phe

Gly

Cys

Ser
595
Phe

Lys

Leu

Trp

Asn

Ala

260

Val

Gly

Pro

Val

Val

340

Leu

Ser

Lys

Asp

Asn

420

Ser

Met

Glu

Pro

Gly

500

Arg

Pro

Tyr

Gly

Arg

580

Ile

Asp

Phe

Arg

Asn

Gly

245

Tyr

His

Gly

Tyr

Lys

325

Ile

Gly

Gly

Lys

Ala

405

Ser

Ser

Tyr

Gly

Ser

485

Asn

Ala

Leu

Asp

Met

565

Asp

Ser

Ser

Ser

Met

Leu

230

Ala

Arg

Pro

Ser

Asn

310

Met

Gly

Gly

Ala

Glu

390

Glu

Arg

Ile

Ser

Phe

470

Pro

Asp

Arg

Tyr

Pro

550

Val

Tyr

Met

Leu

Glu
630

Met

Pro

Gly

Arg

Ile

Ala

295

Val

His

Thr

His

Ala

375

Gly

Glu

Leu

Glu

Leu

455

Glu

Glu

Phe

Tyr

His

535

Met

Phe

Ala

Lys

Phe
615

Arg

Asn

Gly

Asp

Gly

Gly

280

Pro

Gly

Ile

Leu

Arg

360

Val

Trp

Phe

Leu

Gly

440

Val

Gly

Phe

Glu

Thr

520

Ser

Phe

Glu

Val

His
600
Ser

Leu

Asp

Gly

Pro

Ile

265

Tyr

Pro

Pro

His

Arg

345

Asp

Val

Arg

Gly

Gln

425

Asn

His

Lys

Ser

Val

505

Lys

Val

Lys

Leu

Val

585

Pro

Ala

Gln

Gln

Gly

Leu

250

Ala

Tyr

Asp

Gly

Ser

330

Gly

Ser

His

Pro

Leu

410

Glu

Tyr

Asn

Ser

Gly

490

Phe

Asn

Tyr

Tyr

Ala

570

Leu

Gln

Val

Asp

Leu

Val

235

Thr

Glu

Asp

Ser

Phe

315

Thr

Ala

Trp

Glu

Arg

395

Leu

Arg

Thr

Leu

Leu

475

Met

Phe

Trp

Glu

His

555

Asn

Arg

Glu

Lys

Phe
635

Met

Gln

Pro

Ala

Ala

Ser

300

Thr

Asn

Val

Val

Ile

380

Arg

Gly

Gly

Leu

Thr

460

Tyr

Pro

Gln

Glu

Thr

540

Leu

Ser

Lys

Met

Asn
620

Asp

Phe

Arg Gly Asn

Gly

Val

Gln

285

Trp

Gly

Glu

Glu

Phe

365

Val

Thr

Ser

Val

Arg

445

Lys

Glu

Arg

Arg

Thr

525

Tyr

Thr

Ile

Tyr

Lys

605

Phe

Lys

Leu

Tyr

Gly

270

Lys

Arg

Asn

Val

Pro

350

Gly

Arg

Ile

Thr

Ala

430

Val

Glu

Ser

Ile

Leu

510

Asn

Glu

Val

Val

Ala

590

Thr

Thr

Ser

Glu

Pro

255

Leu

Leu

Gly

Phe

Thr

335

Asp

Gly

Ser

Leu

Glu

415

Tyr

Asp

Leu

Trp

Ser

495

Gly

Lys

Leu

Ala

Leu

575

Asp

Tyr

Glu

Asn

Arg

Ile

240

Ala

Pro

Leu

Ser

Ser

320

Arg

Arg

Ile

Phe

Phe

400

Trp

Ile

Cys

Lys

Thr

480

Lys

Ile

Phe

Val

Gln

560

Pro

Lys

Ser

Ile

Pro
640

Ala
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-continued
645 650 655
Phe Ile Asp Pro Leu Gly Leu Pro Asp Arg Pro Phe Tyr Arg His Val
660 665 670
Ile Tyr Ala Pro Ser Ser His Asn Lys Tyr Ala Gly Glu Ser Phe Pro
675 680 685
Gly Ile Tyr Asp Ala Leu Phe Asp Ile Glu Ser Lys Val Asp Pro Ser
690 695 700
Lys Ala Trp Gly Glu Val Lys Arg Gln Ile Tyr Val Ala Ala Phe Thr
705 710 715 720
Val Gln Ala Ala Ala Glu Thr Leu Ser Glu Val Ala
725 730
<210> SEQ ID NO 14
<211> LENGTH: 2196
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 14
atggctageg aaaccgacac tttgttgttg tgggtgettt tgetttgggt acceggatct 60
actggtgatg ctgctaaatc ctccaatgaa gctactaaca ttactccaaa gcataatatg 120
aaagcatttt tggatgaatt gaaagctgag aacatcaaga agttcttata taattttaca 180
cagataccac atttagcagg aacagaacaa aactttcagce ttgcaaagca aattcaatcce 240
cagtggaaag aatttggcct ggattctgtt gagctagcac attatgatgt cctgttgtce 300
tacccaaata agactcatcc caactacatc tcaataatta atgaagatgg aaatgagatt 360
ttcaacacat cattatttga accacctcct ccaggatatg aaaatgtttc ggatattgta 420
ccaccttteca gtgetttete tcctcaagga atgccagagyg gcegatctagt gtatgttaac 480
tatgcacgaa ctgaagactt ctttaaattg gaacgggaca tgaaaatcaa ttgctctggg 540
aaaattgtaa ttgccagata tgggaaagtt ttcagaggaa ataaggttaa aaatgcccag 600
ctggcagggg ccaaaggagt cattctctac tecgaccctyg ctgactactt tgctectggg 660
gtgaagtcct atccagatgg ttggaatctt cctggaggtyg gtgtccageg tggaaatatce 720
ctaaatctga atggtgcagg agaccctcte acaccaggtt acccagcaaa tgaatatget 780
tataggcgtyg gaattgcaga ggctgttggt cttccaagta ttectgttca tccaattgga 840
tactatgatg cacagaagct cctagaaaaa atgggtggcet cagcaccacc agatagcagce 900
tggagaggaa gtctcaaagt gccctacaat gttggacctyg getttactgg aaacttttet 960
acacaaaaag tcaagatgca catccactct accaatgaag tgacaagaat ttacaatgtg 1020
ataggtactc tcagaggagc agtggaacca gacagatatg tcattctggg aggtcaccgg 1080
gactcatggg tgtttggtgg tattgaccct cagagtggag cagctgttgt tcatgaaatt 1140
gtgaggagct ttggaacact gaaaaaggaa gggtggagac ctagaagaac aattttgttt 1200
gcaagctggg atgcagaaga atttggtectt cttggttcta ctgagtgggc agaggagaat 1260
tcaagactcce ttcaagagcg tggcgtggct tatattaatg ctgactcatc tatagaagga 1320
aactacactc tgagagttga ttgtacaccg ctgatgtaca gcttggtaca caacctaaca 1380
aaagagctga aaagccctga tgaaggcttt gaaggcaaat ctctttatga aagttggact 1440
aaaaaaagtc cttccccaga gttcagtgge atgcccagga taagcaaatt gggatctgga 1500
aatgattttg aggtgttctt ccaacgactt ggaattgctt caggcagagc acggtatact 1560
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216

-continued
aaaaattggg aaacaaacaa attcagcggc tatccactgt atcacagtgt ctatgaaaca 1620
tatgagttgg tggaaaagtt ttatgatcca atgtttaaat atcacctcac tgtggcccag 1680
gttcgaggag ggatggtgtt tgagctagcc aattccatag tgctccecttt tgattgtcega 1740
gattatgctg tagttttaag aaagtatgct gacaaaatct acagtatttc tatgaaacat 1800
ccacaggaaa tgaagacata cagtgtatca tttgattcac ttttttctgc agtaaagaat 1860
tttacagaaa ttgcttccaa gttcagtgag agactccagg actttgacaa aagcaaccca 1920
atagtattaa gaatgatgaa tgatcaactc atgtttctgg aaagagcatt tattgatcca 1980
ttagggttac cagacaggcc tttttatagg catgtcatct atgctccaag cagccacaac 2040
aagtatgcag gggagtcatt cccaggaatt tatgatgctc tgtttgatat tgaaagcaaa 2100
gtggaccctt ccaaggcctg gggagaagtg aagagacaga tttatgttgc agccttcaca 2160
gtgcaggcag ctgcagagac tttgagtgaa gtagcce 2196

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 15
H: 263
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Met Ala Ser
1

Ile Gly Ala
Cys Glu Lys
35

Arg Ala Val
50

Ala Ala His
65

Ser Leu Phe

Ser Phe Pro

Leu Arg Pro
115

Ser Glu Pro
130

Thr Gln Glu
145

Ser Ile Glu

Asp Leu His

Lys Val Thr
195

Ser Thr Cys
210

Leu Gln Gly
225

Arg Pro Ser

Asp Thr Ile

Trp Val Pro Val Val

Ala Pro Leu Ile Leu

20

His Ser Gln Pro Trp

Cys Gly Gly Val Leu

55

Cys Ile Arg Asn Lys

70

His Pro Glu Asp Thr

85

His Pro Leu Tyr Asp

100

Gly Asp Asp Ser Ser

120

Ala Glu Leu Thr Asp

135

Pro Ala Leu Gly Thr
150

Pro Glu Glu Phe Leu

165

Val Ile Ser Asn Asp

180

Lys Phe Met Leu Cys

200

Ser Gly Asp Ser Gly

215

Ile Thr Ser Trp Gly
230

Leu Tyr Thr Lys Val

245

Val Ala Asn Pro

Phe

Ser

25

Gln

Val

Ser

Gly

Met

105

His

Ala

Thr

Thr

Val

185

Ala

Gly

Ser

Val

Leu

10

Arg

Val

His

Val

Gln

90

Ser

Asp

Val

Cys

Pro

170

Cys

Gly

Pro

Glu

His
250

Thr

Ile

Leu

Pro

Ile

75

Val

Leu

Leu

Lys

Tyr

155

Lys

Ala

Arg

Leu

Pro
235

Tyr

Leu Ser Val

Val Gly Gly

Val Ala Ser
45

Gln Trp Val
60

Leu Leu Gly

Phe Gln Val

Leu Lys Asn
110

Met Leu Leu
125

Val Met Asp
140

Ala Ser Gly

Lys Leu Gln

Gln Val His
190

Trp Thr Gly
205

Val Cys Asn
220

Cys Ala Leu

Arg Lys Trp

Thr Trp
15

Trp Glu

Arg Gly

Leu Thr

Arg His
80

Ser His
95

Arg Phe

Arg Leu

Leu Pro

Trp Gly
160

Cys Val
175

Pro Gln

Gly Lys

Gly Val

Pro Glu

240

Ile Lys
255
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260
<210> SEQ ID NO 16
<211> LENGTH: 789
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
atggctaget gggteceggt tgtcettecte accctgteeg tgacgtggat tggegetgeg 60
ccecteatee tgtecteggat tgtgggagge tgggagtgeg agaageatte ccaacccetgg 120
caggtgcettyg tggecteteg tggcagggea gtetgeggeg gtgttetggt gcacccccag 180
tgggtcctca cagctgecca ctgcatcagg aacaaaageg tgatcttget gggteggeac 240
agcttgttte atcctgaaga cacaggccag gtatttcagg tcagccacag cttceccacac 300
ccgetetacyg atatgagect cctgaagaat cgattcctea ggccaggtga tgactccage 360
cacgacctca tgctgeteeg cctgtcagag cctgecgage tcacggatge tgtgaaggte 420
atggacctge ccacccagga gecagcactg gggaccacct getacgecte aggetgggge 480
agcattgaac cagaggagtt cttgacccca aagaaacttc agtgtgtgga cctccatgtt 540
atttccaatg acgtgtgtge gcaagttcac cctcagaagg tgaccaagtt catgetgtgt 600
getggacget ggacaggggg caaaagcacce tgctegggtg attetggggyg cccacttgte 660
tgtaatggtyg tgcttcaagg tatcacgtca tggggcagtg aaccatgtge cctgeccgaa 720
aggccttece tgtacaccaa ggtggtgeat taccggaagt ggatcaagga caccatcegtg 780
gccaaccece 789

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 17
H: 240
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 17

Met Ala Ser
1

Trp Gln Val

Leu Val His
35

Lys Ser Val
50

Thr Gly Gln
65

Asp Met Ser

Ser His Asp

Asp Ala Val
115

Thr Thr Cys
130

Leu Thr Pro
145

Asp Val Cys

Ile Val Gly Gly Trp

5

Leu Val Ala Ser Arg

20

Pro Gln Trp Val Leu

40

Ile Leu Leu Gly Arg

Val Phe Gln Val Ser

70

Leu Leu Lys Asn Arg

85

Leu Met Leu Leu Arg

100

Lys Val Met Asp Leu

120

Tyr Ala Ser Gly Trp

135

Lys Lys Leu Gln Cys
150

Ala Gln Val His Pro

Glu Cys Glu
10

Gly Arg Ala
25

Thr Ala Ala

His Ser Leu

His Ser Phe
75

Phe Leu Arg
90

Leu Ser Glu
105

Pro Thr Gln

Gly Ser Ile

Val Asp Leu

155

Gln Lys Val

Synthetic Construct

Lys His Ser

Val Cys Gly
30

His Cys Ile
45

Phe His Pro
60

Pro His Pro

Pro Gly Asp

Pro Ala Glu
110

Glu Pro Ala
125

Glu Pro Glu
140

His Val Ile

Thr Lys Phe

Gln Pro
15

Gly Val

Arg Asn

Glu Asp

Leu Tyr

80

Asp Ser
95

Leu Thr

Leu Gly

Glu Phe

Ser Asn

160

Met Leu
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-continued
165 170 175
Cys Ala Gly Arg Trp Thr Gly Gly Lys Ser Thr Cys Ser Gly Asp Ser
180 185 190
Gly Gly Pro Leu Val Cys Asn Gly Val Leu Gln Gly Ile Thr Ser Trp
195 200 205
Gly Ser Glu Pro Cys Ala Leu Pro Glu Arg Pro Ser Leu Tyr Thr Lys
210 215 220
Val Val His Tyr Arg Lys Trp Ile Lys Asp Thr Ile Val Ala Asn Pro
225 230 235 240
<210> SEQ ID NO 18
<211> LENGTH: 720
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 18
atggctagca ttgtgggagg ctgggagtgc gagaagcatt cccaaccctyg gcaggtgett 60
gtggectete gtggcaggge agtctgegge ggtgttetgg tgcaccccca gtgggtecte 120
acagctgcce actgcatcag gaacaaaagce gtgatcttge tgggtceggea cagettgttt 180
catcctgaag acacaggcca ggtatttcag gtcagccaca gctteccaca cccgetctac 240
gatatgagcce tcctgaagaa tcgattecte aggccaggtyg atgactccag ccacgaccte 300
atgctgctee gectgtcaga gectgecgag ctcacggatyg ctgtgaaggt catggacctg 360
cccacccagg agccagcact ggggaccacce tgctacgect caggetgggyg cagcattgaa 420
ccagaggagt tcttgacccce aaagaaactt cagtgtgtgg acctccatgt tatttccaat 480
gacgtgtgtyg cgcaagttca ccctcagaag gtgaccaagt tcatgetgtg tgetggacge 540
tggacagggg gcaaaagcac ctgctcegggt gattetgggyg geccacttgt ctgtaatggt 600
gtgcttcaag gtatcacgte atggggcagt gaaccatgtg ccctgcccga aaggecttec 660
ctgtacacca aggtggtgca ttaccggaag tggatcaagg acaccatcgt ggccaaccce 720
<210> SEQ ID NO 19
<211> LENGTH: 281
<212> TYPE: PRT
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 19
Met Ala Ser Ala Arg Arg Pro Arg Trp Leu Cys Ala Gly Ala Leu Val
1 5 10 15
Leu Ala Gly Gly Phe Phe Leu Leu Gly Phe Leu Phe Gly Trp Phe Ile
20 25 30
Lys Ser Ser Asn Glu Ala Thr Asn Ile Thr Pro Gly Ile Val Gly Gly
35 40 45
Trp Glu Cys Glu Lys His Ser Gln Pro Trp Gln Val Leu Val Ala Ser
50 55 60
Arg Gly Arg Ala Val Cys Gly Gly Val Leu Val His Pro Gln Trp Val
65 70 75 80
Leu Thr Ala Ala His Cys Ile Arg Asn Lys Ser Val Ile Leu Leu Gly
85 90 95
Arg His Ser Leu Phe His Pro Glu Asp Thr Gly Gln Val Phe Gln Val

100

105

110
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222

Ser His Ser
115

Arg Phe Leu
130

Arg Leu Ser
145

Leu Pro Thr

Trp Gly Ser

Cys Val Asp

195

Pro Gln Lys
210

Gly Lys Ser
225

Gly Val Leu

Pro Glu Arg

Ile Lys Asp
275

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Pro His Pro Leu

120

Arg Pro Gly Asp Asp

135

Glu Pro Ala Glu Leu
150

Gln Glu Pro Ala Leu

165

Ile Glu Pro Glu Glu

180

Leu His Val Ile Ser

200

Val Thr Lys Phe Met

215

Thr Cys Ser Gly Asp
230

Gln Gly Ile Thr Ser

245

Pro Ser Leu Tyr Thr

260

Thr Ile Val Ala Asn

D NO 20
H: 846
DNA

280

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 20

atggctageg

ttctttectec

attactccag

cttgtggect

ctcacagetyg

tttcatcctyg

tacgatatga

ctcatgetge

ctgeccaccee

gaaccagagg

aatgacgtgt

cgctggacag

ggtgtgcette

tcecctgtaca

cectga

<210> SEQ I

<211> LENGT.
<212> TYPE:

cgegeagecd

teggettect

gaattgtggg

ctcegtggeag

cccactgeat

aagacacagg

gectectgaa

tcegectgte

aggagccage

agttcttgac

gtgcgcaagt

ggggcaaaag

aaggtatcac

ccaaggtggt

D NO 21
H: 125
PRT

gegetggety
cttecgggtgg
aggctgggag
ggcagtctge
caggaacaaa
ccaggtattt
gaatcgattce
agagccetgec
actggggacc
cccaaagaaa
tcacccteag

cacctgeteg

gtcatggggc

gecattaccgg

<213> ORGANISM: Homo sapiens

Tyr Asp Met

Ser Ser His

Thr Asp Ala

155

Gly Thr Thr
170

Phe Leu Thr
185

Asn Asp Val

Leu Cys Ala

Ser Gly Gly

235

Trp Gly Ser
250

Lys Val Val
265

Pro

tgcgetgggg
tttataaaat
tgcgagaage
ggeggtgtte
agcgtgatct
caggtcagec
ctcaggccag
gagctcacgg
acctgctacyg
cttcagtgtyg
aaggtgacca
ggtgattcety
agtgaaccat

aagtggatca

Ser Leu Leu
125

Asp Leu Met
140

Val Lys Val

Cys Tyr Ala

Pro Lys Lys

190

Cys Ala Gln
205

Gly Arg Trp
220

Pro Leu Val

Glu Pro Cys

His Tyr Arg
270

Synthetic Construct

cgetggtget

cctecaatga

attcccaacce

tggtgcacce

tgctgggtcg

acagcttece

gtgatgactc

atgctgtgaa

cctecaggety

tggaccteca

agttcatget

ggggcccact

gtgccetgee

aggacaccat

Lys Asn

Leu Leu

Met Asp

160

Ser Gly
175

Leu Gln

Val His

Thr Gly

Cys Asn

240

Ala Leu
255

Lys Trp

ggcgggtgge
agctactaac
ctggcaggtg
ccagtgggte
gcacagcttyg
acaccegete
cagccacgac
ggtcatggac
gggcagcatt
tgttatttce
gtgtgctgga
tgtctgtaat
cgaaaggect

cgtggccaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

846
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<400> SEQUENCE: 21

Met Ala Ser Lys Ala Val Leu Leu Ala Leu Leu Met Ala Gly Leu Ala
1 5 10 15

Leu Gln Pro Gly Thr Ala Leu Leu Cys Tyr Ser Cys Lys Ala Gln Val
20 25 30

Ser Asn Glu Asp Cys Leu Gln Val Glu Asn Cys Thr Gln Leu Gly Glu
35 40 45

Gln Cys Trp Thr Ala Arg Ile Arg Ala Val Gly Leu Leu Thr Val Ile
50 55 60

Ser Lys Gly Cys Ser Leu Asn Cys Val Asp Asp Ser Gln Asp Tyr Tyr
65 70 75 80

Val Gly Lys Lys Asn Ile Thr Cys Cys Asp Thr Asp Leu Cys Asn Ala
85 90 95

Ser Gly Ala His Ala Leu Gln Pro Ala Ala Ala Ile Leu Ala Leu Leu
100 105 110

Pro Ala Leu Gly Leu Leu Leu Trp Gly Pro Gly Gln Leu
115 120 125

<210> SEQ ID NO 22

<211> LENGTH: 375

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

atggctagca aggctgtgct gettgeectg ttgatggeag gettggecect gcagecagge 60
actgcectge tgtgctactce ctgcaaagcec caggtgagea acgaggactyg cctgcaggtg 120
gagaactgca cccagetggg ggagcagtge tggaccgege geatcegege agttggecte 180
ctgaccgtca tcagcaaagg ctgcagettg aactgegtgg atgactcaca ggactactac 240
gtgggcaaga agaacatcac gtgctgtgac accgacttgt gcaacgccag cggggcccat 300
geectgcage cggetgccge catcecttgeg ctgctecctg cactceggect getgetetgg 360
ggacccggece agcta 375

<210> SEQ ID NO 23

<211> LENGTH: 5964

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 23

ggcgtaatge tctgccagtg ttacaaccaa ttaaccaatt ctgattagaa aaactcateg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agcegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatcce 180
tggtatcggt ctgcgattce gactcgteca acatcaatac aacctattaa tttcecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcatttc tttccagact tgttcaacag gccagecatt acgetegteca 360
tcaaaatcac tcgcatcaac caaaccgtta ttecattegtg attgegectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcegcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcccggggat cgcagtggtyg agtaaccatg catcatcagg agtacggata 600

aaatgcttga tggtcggaag aggcataaat tcegtcagec agtttagtcet gaccatctca 660
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-continued
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcgecgcegee gceccegegetg getgtgeget ggggegetgg tgetggeggy 2040
tggcttettt ctcecctcecgget tectcettecgg gtggtttata aaatcctceca atgaagctac 2100
taacattact ccaaagcata atatgaaagc atttttggat gaattgaaag ctgagaacat 2160
caagaagttc ttatataatt ttacacagat accacattta gcaggaacag aacaaaactt 2220
tcagcttgca aagcaaattc aatcccagtg gaaagaattt ggcctggatt ctgttgaget 2280
ggcacattat gatgtcctgt tgtcctaccc aaataagact catcccaact acatctcaat 2340
aattaatgaa gatggaaatg agattttcaa cacatcatta tttgaaccac ctcctceccagg 2400
atatgaaaat gtttcggata ttgtaccacc tttcagtgct ttctctceccte aaggaatgcece 2460
agagggcgat ctagtgtatg ttaactatgc acgaactgaa gacttcttta aattggaacg 2520
ggacatgaaa atcaattgct ctgggaaaat tgtaattgcc agatatggga aagttttcag 2580
aggaaataag gttaaaaatg cccagctggce aggggccaaa ggagtcattce tcectactccga 2640
ccetgetgac tactttgete ctggggtgaa gtectatcca gatggttgga atcttectgg 2700
aggtggtgtc cagcgtggaa atatcctaaa tctgaatggt gcaggagacc ctctcacacc 2760
aggttaccca gcaaatgaat atgcttatag gcgtggaatt gcagaggctg ttggtcecttcece 2820
aagtattcct gttcatccaa ttggatacta tgatgcacag aagctcctag aaaaaatggg 2880
tggctcagca ccaccagata gcagctggag aggaagtctc aaagtgccct acaatgttgg 2940
acctggcettt actggaaact tttctacaca aaaagtcaag atgcacatcc actctaccaa 3000
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tgaagtgaca agaatttaca atgtgatagg tactctcaga ggagcagtgg aaccagacag 3060
atatgtcatt ctgggaggtc accgggactc atgggtgttt ggtggtattg accctcagag 3120
tggagcagct gttgttcatg aaattgtgag gagctttgga acactgaaaa aggaagggtg 3180
gagacctaga agaacaattt tgtttgcaag ctgggatgca gaagaatttg gtcttcttgg 3240
ttctactgag tgggcagagg agaattcaag actccttcaa gagcgtggceg tggcttatat 3300
taatgctgac tcatctatag aaggaaacta cactctgaga gttgattgta caccgctgat 3360
gtacagcttyg gtacacaacc taacaaaaga gctgaaaagc cctgatgaag gctttgaagg 3420
caaatctctt tatgaaagtt ggactaaaaa aagtccttcc ccagagttca gtggcatgcece 3480
caggataagc aaattgggat ctggaaatga ttttgaggtg ttcttccaac gacttggaat 3540
tgcttcaggce agagcacggt atactaaaaa ttgggaaaca aacaaattca gcggctatcce 3600
actgtatcac agtgtctatg aaacatatga gttggtggaa aagttttatg atccaatgtt 3660
taaatatcac ctcactgtgg cccaggttcg aggagggatg gtgtttgage tggccaattce 3720
catagtgctc ccttttgatt gtcgagatta tgctgtagtt ttaagaaagt atgctgacaa 3780
aatctacagt atttctatga aacatccaca ggaaatgaag acatacagtg tatcatttga 3840
ttcacttttt tctgcagtaa agaattttac agaaattgct tccaagttca gtgagagact 3900
ccaggacttt gacaaaagca acccaatagt attaagaatg atgaatgatc aactcatgtt 3960
tctggaaaga gcatttattg atccattagg gttaccagac aggccttttt ataggcatgt 4020
catctatgct ccaagcagcc acaacaagta tgcaggggag tcattcccag gaatttatga 4080
tgctctgttt gatattgaaa gcaaagtgga cccttccaag gectggggag aagtgaagag 4140
acagatttat gttgcagcct tcacagtgca ggcagctgca gagactttga gtgaagtagc 4200
ctaaagatct gggccctaac aaaacaaaaa gatggggtta ttccctaaac ttcatgggtt 4260
acgtaattgg aagttggggg acattgccac aagatcatat tgtacaaaag atcaaacact 4320
gttttagaaa acttcctgta aacaggccta ttgattggaa agtatgtcaa aggattgtgg 4380
gtcttttggg ctttgctgct ccatttacac aatgtggata tcctgcectta atgectttgt 4440
atgcatgtat acaagctaaa caggctttca ctttctegec aacttacaag gectttctaa 4500
gtaaacagta catgaacctt taccccgttg ctcggcaacg gectggtcectg tgccaagtgt 4560
ttgctgacgce aacccccact ggctggggct tggccatagg ccatcagcge atgcgtggaa 4620
cctttgtgge tectetgeeg atccatactg cggaactect agceccgettgt tttgctegea 4680
gcecggtcectgyg agcaaagctce ataggaactg acaattctgt cgtectectcecg cggaaatata 4740
catcgtttecg atctacgtat gatcttttte cctectgccaa aaattatggg gacatcatga 4800
agcccecttga gecatctgact tcetggctaat aaaggaaatt tattttcatt gcaatagtgt 4860
gttggaattt tttgtgtctc tcactcggaa ggaattctgc attaatgaat cggccaacgce 4920
gcggggagag gceggtttgeg tattgggege tcecttecegett cctegcetcac tgactcegetg 4980
cgcteggteg ttcecggctgeg gegagceggta tcagctcact caaaggcggt aatacggtta 5040
tccacagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcce 5100
aggaaccgta aaaaggccgce gttgctggceg tttttcecata ggctcecgceece cectgacgag 5160
catcacaaaa atcgacgctc aagtcagagg tggcgaaacc cgacaggact ataaagatac 5220
caggcgtttce cccctggaag cteccctegtg cgetcectectg ttceccgaccet gecgettace 5280
ggatacctgt ccgectttcet cceettecggga agegtggcege tttcectcatag ctcacgetgt 5340
aggtatctca gttcggtgta ggtcgttcge tccaagetgg getgtgtgca cgaaccccecce 5400
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gttcagceceg accgctgcege cttatceggt aactatcgte ttgagtccaa cccggtaaga 5460
cacgacttat cgccactggc agcagccact ggtaacagga ttagcagagc gaggtatgta 5520
ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag aagaacagta 5580
tttggtatct gecgctctget gaagccagtt accttcggaa aaagagttgg tagctcecttga 5640
tcecggcaaac aaaccaccgce tggtageggt ggtttttttg tttgcaagca gcagattacg 5700
cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggtce tgacgctcag 5760
tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc 5820
tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact 5880
tggtctgaca gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt 5940
cgttcatcca tagttgcctg actc 5964
<210> SEQ ID NO 24
<211> LENGTH: 4122
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 24
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
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accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcaaggctg tgctgcttge cctgttgatg gcaggcttgg ccctgcagece 2040
aggcactgcce ctgctgtget actcctgcaa agcccaggtg agcaacgagg actgcectgca 2100
ggtggagaac tgcacccagce tgggggagca gtgctggacce gegegcatcce gegeagttgg 2160
cctectgace gtcatcagca aaggctgcag cttgaactgce gtggatgact cacaggacta 2220
ctacgtggge aagaagaaca tcacgtgetg tgacaccgac ttgtgcaacyg ccagegggge 2280
ccatgcectg cagcecggetyg ccgccatcect tgegectgete cctgcacteg gectgctget 2340
ctggggaccce ggccagctat agagatctgg gccctaacaa aacaaaaaga tggggttatt 2400
ccctaaactt catgggttac gtaattggaa gttgggggac attgccacaa gatcatattg 2460
tacaaaagat caaacactgt tttagaaaac ttcctgtaaa caggcctatt gattggaaag 2520
tatgtcaaag gattgtgggt cttttgggct ttgctgctcecc atttacacaa tgtggatatc 2580
ctgccttaat gectttgtat gcatgtatac aagctaaaca ggctttcact ttctcgeccaa 2640
cttacaaggc ctttctaagt aaacagtaca tgaaccttta ccccgttget cggcaacggce 2700
ctggtctgtg ccaagtgttt gctgacgcaa cccccactgg ctggggcttg gecataggcece 2760
atcagcgcat gecgtggaacc tttgtggcte ctectgccgat ccatactgeg gaactcectag 2820
ccgcttgttt tgctecgcage cggtcectggag caaagctcat aggaactgac aattctgtceg 2880
tcetetegeg gaaatataca tegtttegat ctacgtatga tetttttceece tetgccaaaa 2940
attatgggga catcatgaag ccccttgagce atctgacttce tggctaataa aggaaattta 3000
ttttcattgc aatagtgtgt tggaattttt tgtgtctcectc actcggaagg aattctgcat 3060
taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggcgcte tteccgcttcece 3120
tcgctcactg actcegectgeg cteggtegtt cggetgegge gagcggtatce agctcactca 3180
aaggcggtaa tacggttatc cacagaatca ggggataacyg caggaaagaa catgtgagca 3240
aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt tttceccatagg 3300
cteegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg 3360
acaggactat aaagatacca ggcgtttcce cctggaaget cecctegtgeg ctetectgtt 3420
ccgacccectge cgcttaccgg atacctgtcee gectttetece cttecgggaag cgtggegett 3480
tctcataget cacgctgtag gtatctcagt tcggtgtagg tegttegcte caagetgggce 3540
tgtgtgcacg aacccccegt tcagcecccgac cgcetgcgect tatccggtaa ctatcegtcett 3600
gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 3660
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce taactacggce 3720
tacactagaa gaacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa 3780
agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 3840
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tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttcet 3900
acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 3960
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 4020
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 4080
tcagcgatct gtctattteg ttcatccata gttgcctgac tce 4122
<210> SEQ ID NO 25
<211> LENGTH: 4467
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 25
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
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actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcattgtgg gaggctggga gtgcgagaag cattcccaac cctggcaggt 2040
gcttgtggee tcetegtggca gggcagtetg cggceggtgtt ctggtgcacce cccagtgggt 2100
cctcacagcet geccactgca tcaggaacaa aagcgtgatce ttgctgggtce ggcacagcett 2160
gtttcatcct gaagacacag gccaggtatt tcaggtcagce cacagcttcce cacacccgcet 2220
ctacgatatg agcctcctga agaatcgatt cctcaggcca ggtgatgact ccagccacga 2280
cctcatgetg ctcecegectgt cagagcectge cgagctcacg gatgctgtga aggtcatgga 2340
cctgeccace caggagecag cactggggac cacctgctac gectcagget ggggcagcat 2400
tgaaccagag gagttcttga ccccaaagaa acttcagtgt gtggacctcce atgttatttce 2460
caatgacgtg tgtgcgcaag ttcaccctca gaaggtgacc aagttcatge tgtgtgectgg 2520
acgctggaca gggggcaaaa gcacctgctce gggtgattcect gggggcccac ttgtctgtaa 2580
tggtgtgctt caaggtatca cgtcatgggg cagtgaacca tgtgccctge ccgaaaggcce 2640
ttccctgtac accaaggtgg tgcattaccg gaagtggatc aaggacacca tcgtggccaa 2700
ccectgaaga tcectgggceect aacaaaacaa aaagatgggg ttattcccta aacttcatgg 2760
gttacgtaat tggaagttgg gggacattgc cacaagatca tattgtacaa aagatcaaac 2820
actgttttag aaaacttcct gtaaacaggc ctattgattg gaaagtatgt caaaggattg 2880
tgggtetttt gggctttgcet gcectccattta cacaatgtgg atatcctgece ttaatgectt 2940
tgtatgcatg tatacaagct aaacaggctt tcactttcectc gccaacttac aaggcecttte 3000
taagtaaaca gtacatgaac ctttaccccg ttgctcggca acggcctggt ctgtgccaag 3060
tgtttgctga cgcaacccece actggctggg gcttggecat aggccatcag cgcatgegtg 3120
gaacctttgt ggctcectcectg ccgatccata ctgcggaact cctagccget tgttttgete 3180
gcagccggte tggagcaaag ctcataggaa ctgacaattc tgtcgtecctce tcgcggaaat 3240
atacatcgtt tcgatctacg tatgatcttt ttcecctetge caaaaattat ggggacatca 3300
tgaagcccct tgagcatctg acttctggct aataaaggaa atttattttce attgcaatag 3360
tgtgttggaa ttttttgtgt ctctcactcg gaaggaattc tgcattaatg aatcggccaa 3420
cgcgegggga gaggeggttt gegtattggg cgectcecttecg cttectceget cactgactceg 3480
ctgcgcetegg tegttcegget geggcgagceg gtatcagetce actcaaaggce ggtaatacgg 3540
ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagyg ccagcaaaag 3600
gccaggaacce gtaaaaaggc cgcegttgetg gegtttttec ataggctceccg cccccctgac 3660
gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga 3720
taccaggcgt ttcceccctgg aagctceeccte gtgegctete ctgtteccgac cctgecgett 3780
accggatacce tgtccgectt tetceccectteg ggaagegtgg cgctttcectceca tagcectcacgce 3840
tgtaggtatc tcagttcggt gtaggtcgtt cgctccaage tgggctgtgt gcacgaaccce 3900
ccegttecage ccgaccgetg cgcecttatce ggtaactatce gtcttgagte caacccggta 3960
agacacgact tatcgccact ggcagcagcce actggtaaca ggattagcag agcgaggtat 4020
gtaggcggtyg ctacagagtt cttgaagtgg tggcctaact acggctacac tagaagaaca 4080
gtatttggta tctgcgctct gctgaagcca gttacctteg gaaaaagagt tggtagetct 4140
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tgatccggca aacaaaccac cgctggtage ggtggttttt ttgtttgcaa gcagcagatt 4200
acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgcet 4260
cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa aaggatcttc 4320
acctagatcc ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa 4380
acttggtctg acagttacca atgcttaatc agtgaggcac ctatctcagce gatctgtcta 4440
tttegttcat ccatagttge ctgactce 4467
<210> SEQ ID NO 26
<211> LENGTH: 7563
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 26
gaattctgca ttaatgaatc ggccaacgceg cggggagagg cggtttgegt attgggeget 60
ctteegette ctegetcact gactcgetge geteggtegt teggetgegyg cgageggtat 120
cagctcacte aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 180
acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgeyg ttgetggegt 240
ttttecatag gctecgecce cctgacgage atcacaaaaa tcgacgctca agtcagaggt 300
ggcgaaacce gacaggacta taaagatacc aggcegtttce cectggaage tceectegtge 360
getetectgt tecgacccetyg cegettacceg gatacctgte cgectttete cettegggaa 420
gegtggeget ttetcatage tcacgetgta ggtatctcag tteggtgtag gtegtteget 480
ccaagetggg ctgtgtgcac gaaccceceg ttcagcccega cegetgegee ttatccggta 540
actatcgtcet tgagtccaac ccggtaagac acgacttate geccactggea gcagecactg 600
gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg aagtggtgge 660
ctaactacgg ctacactaga agaacagtat ttggtatctg cgctectgetyg aagccagtta 720
cctteggaaa aagagttggt agctcttgat ceggcaaaca aaccaccget ggtageggtg 780
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 840
tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg 900
tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 960
aatcaatcta aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg 1020
aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgecctga ctcggcgtaa 1080
tgctctgecca gtgttacaac caattaacca attctgatta gaaaaactca tcgagcatca 1140
aatgaaactg caatttattc atatcaggat tatcaatacc atatttttga aaaagccgtt 1200
tctgtaatga aggagaaaac tcaccgaggc agttccatag gatggcaaga tcctggtatce 1260
ggtctgcgat tccgactcgt ccaacatcaa tacaacctat taatttcccce tcgtcaaaaa 1320
taaggttatc aagtgagaaa tcaccatgag tgacgactga atccggtgag aatggcaaaa 1380
gcttatgecat ttetttceccag acttgttcaa caggccagec attacgctcg tcatcaaaat 1440
cactcgcatc aaccaaaccg ttattcattc gtgattgcege ctgagcgaga cgaaatacgc 1500
gatcgetgtt aaaaggacaa ttacaaacag gaatcaaatg caaccggcgce aggaacactg 1560
ccagcgcatc aacaatattt tcacctgaat caggatattc ttctaatacc tggaatgcectg 1620
ttttceceggg gatcgcagtyg gtgagtaacce atgcatcatc aggagtacgg ataaaatgcet 1680
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tgatggtcgg aagaggcata aattccgtca gccagtttag tctgaccatc tcatctgtaa 1740
catcattggc aacgctacct ttgccatgtt tcagaaacaa ctctggcgca tcegggcttcece 1800
catacaatcg atagattgtc gcacctgatt gcccgacatt atcgcgagcce catttatacc 1860
catataaatc agcatccatg ttggaattta atcgcggcect cgagcaagac gtttcccgtt 1920
gaatatggct cataacaccc cttgtattac tgtttatgta agcagacagg gtaccaatct 1980
tccgagtgag agacacaaaa aattccaaca cactattgca atgaaaataa atttccttta 2040
ttagccagaa gtcagatgct caaggggctt catgatgtcce ccataatttt tggcagaggg 2100
aaaaagatca tacgtagatc gaaacgatgt atatttccgc gagaggacga cagaattgtce 2160
agttcctatg agctttgcte cagaccggct gcgagcaaaa caagcggcta ggagttcecgce 2220
agtatggatc ggcagaggag ccacaaaggt tccacgcatg cgctgatggce ctatggccaa 2280
geeccageca gtgggggttyg cgtcagcaaa cacttggcac agaccaggec gttgccgage 2340
aacggggtaa aggttcatgt actgtttact tagaaaggcc ttgtaagttg gcgagaaagt 2400
gaaagcctgt ttagcttgta tacatgcata caaaggcatt aaggcaggat atccacattg 2460
tgtaaatgga gcagcaaagc ccaaaagacc cacaatcctt tgacatactt tccaatcaat 2520
aggcctgttt acaggaagtt ttctaaaaca gtgtttgatc ttttgtacaa tatgatcttg 2580
tggcaatgtc ccccaacttc caattacgta acccatgaag tttagggaat aaccccatct 2640
ttttgttttg ttagggccca gatctttagg ctacttcact caaagtctct gcagcetgect 2700
gcactgtgaa ggctgcaaca taaatctgtc tcttcactte tceccccaggece ttggaagggt 2760
ccactttgct ttcaatatca aacagagcat cataaattcc tgggaatgac tcccctgcat 2820
acttgttgtg gctgcttgga gcatagatga catgcctata aaaaggcctg tcectggtaacce 2880
ctaatggatc aataaatgct ctttccagaa acatgagttg atcattcatc attcttaata 2940
ctattgggtt gcttttgtca aagtcctgga gtctctcact gaacttggaa gcaatttctg 3000
taaaattctt tactgcagaa aaaagtgaat caaatgatac actgtatgtc ttcatttcct 3060
gtggatgttt catagaaata ctgtagattt tgtcagcata ctttcttaaa actacagcat 3120
aatctcgaca atcaaaaggg agcactatgg aattggccag ctcaaacacc atccctecte 3180
gaacctgggce cacagtgagg tgatatttaa acattggatc ataaaacttt tccaccaact 3240
catatgtttc atagacactg tgatacagtg gatagccgct gaatttgttt gtttcccaat 3300
ttttagtata ccgtgctcetyg cctgaagcaa ttccaagtcg ttggaagaac acctcaaaat 3360
catttccaga tcccaatttg cttatcctgg gcatgccact gaactctggg gaaggacttt 3420
ttttagtcca actttcataa agagatttgc cttcaaagcc ttcatcaggg cttttcaget 3480
cttttgttag gttgtgtacc aagctgtaca tcagcggtgt acaatcaact ctcagagtgt 3540
agtttcctte tatagatgag tcagcattaa tataagccac gccacgctct tgaaggagtce 3600
ttgaattcte ctctgcccac tcagtagaac caagaagacc aaattcttet gcatcccagce 3660
ttgcaaacaa aattgttctt ctaggtctce acccttectt tttcagtgtt ccaaagctcce 3720
tcacaatttc atgaacaaca gctgctccac tctgagggtc aataccacca aacacccatg 3780
agtcceggtg acctcecccaga atgacatatce tgtectggtte cactgcectcect ctgagagtac 3840
ctatcacatt gtaaattctt gtcacttcat tggtagagtg gatgtgcatc ttgacttttt 3900
gtgtagaaaa gtttccagta aagccaggtc caacattgta gggcactttg agacttcectce 3960
tccagetget atctggtggt getgagccac ccatttttte taggagctte tgtgcatcat 4020
agtatccaat tggatgaaca ggaatacttg gaagaccaac agcctctgca attccacgcece 4080
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tataagcata ttcatttgct gggtaacctg gtgtgagagg gtctcctgca ccattcagat 4140
ttaggatatt tccacgctgg acaccacctc caggaagatt ccaaccatct ggataggact 4200
tcaccccagg agcaaagtag tcagcagggt cggagtagag aatgactcct ttggeccctg 4260
ccagctgggce atttttaacc ttattteccte tgaaaacttt cccatatctg gcaattacaa 4320
ttttceccaga gcaattgatt ttcatgtcce gttceccaattt aaagaagtct tcagttegtg 4380
catagttaac atacactaga tcgccctctg gcattceccttg aggagagaaa gcactgaaag 4440
gtggtacaat atccgaaaca ttttcatatc ctggaggagg tggttcaaat aatgatgtgt 4500
tgaaaatctc atttccatct tcattaatta ttgagatgta gttgggatga gtcttatttg 4560
ggtaggacaa caggacatca taatgtgcca gctcaacaga atccaggcca aattctttece 4620
actgggattg aatttgcttt gcaagctgaa agttttgttc tgttcctget aaatgtggta 4680
tctgtgtaaa attatataag aacttcttga tgttctcage tttcaattca tccaaaaatg 4740
ctttcatatt atgctttgga gtaatgttag tagcttcatt ggaggatttt ataaaccacc 4800
cgaagaggaa gccgaggaga aagaagccac ccgcecagcac cagcgcccca gcgcacagece 4860
agcgcegggeg gcgcegcgceta gecatgtteg tcacagggte cccagtceccte geggagattg 4920
acgagatgtg agaggcaata ttcggagcag ggtttactgt tcctgaactg gagccaccag 4980
caggaaaata cagacccctg actctgggat cctgacctgg aagatagtca gggttgaggce 5040
aagcaaaagg tacatgtaag agaagagccc acagcgtcecce tcaaatccct ggagtcecttga 5100
ctggggaagc caggcccacc ctggagagta catacctget tgctgagatc cggacggtga 5160
gtcactcttyg gcacggggaa tccgcgttcece aatgcaccgt teccggccgce ggaggctgga 5220
tcggteecgg tgtcttcectat ggaggtcaaa acagcgtgga tggcgtctece aggcgatctg 5280
acggttcact aaacgagctc tgcttatata gacctcccac cgtacacgcce taccgcccat 5340
ttgcgtcaac ggggcggggt tattacgaca ttttggaaag tcccgttgat tttggtgetce 5400
gacctgcagg gtaccaatat tggctattgg ccattgcata cgttgtatct atatcataat 5460
atgtacattt atattggctc atgtccaata tgaccgccat gttgacattg attattgact 5520
agttattaat agtaatcaat tacggggtca ttagttcata gcccatatat ggagttccgce 5580
gttacataac ttacggtaaa tggcccgect ggctgaccgce ccaacgaccce ccgeccattg 5640
acgtcaataa tgacgtatgt tcccatagta acgccaatag ggactttcca ttgacgtcaa 5700
tgggtggagt atttacggta aactgcccac ttggcagtac atcaagtgta tcatatgcca 5760
agtccgeccce ctattgacgt caatgacggt aaatggcccg cctggcatta tgcccagtac 5820
atgaccttac gggactttcecc tacttggcag tacatctacg tattagtcat cgctattacc 5880
atggtgatgc ggttttggca gtacaccaat gggcgtggat agcggtttga ctcacgggga 5940
tttccaagtc tccaccccat tgacgtcaat gggagtttgt tttggcacca aaatcaacgg 6000
gactttccaa aatgtcgtaa taaccccgec ccgttgacge aaatgggcgg taggcgtgta 6060
cggtgggagg tctatataag cagagctcgt ttagtgaacc gtcagatcgce ctggagacgce 6120
catccacgct gttttgacct ccatagaaga caccgggacc gatccagcct cecgcecggccgg 6180
gaacggtgca ttggaacgcg gattcccegt gccaagagtg actcaccgtce cggatctceag 6240
caagcaggta tgtactctcc agggtgggcce tggcttceccce agtcaagact ccagggattt 6300
gagggacgct gtgggctctt ctcecttacatg taccttttge ttgcctcaac cctgactatce 6360
ttccaggtca ggatcccaga gtcaggggte tgtattttece tgctggtgge tecagttcag 6420
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gaacagtaaa ccctgctccg aatattgect ctcacatcte gtcaatctcecce gcgaggactg 6480
gggaccctgt gacgaacatg gctagcaagg ctgtgcectget tgccctgttg atggcaggcet 6540
tggccctgca geccaggcact gecctgetgt gctactectg caaagceccag gtgagcaacg 6600
aggactgcct gcaggtggag aactgcaccce agetggggga gcagtgcetgyg accgegegca 6660
tcegegeagt tggectectg accgtcatca gcaaaggcetg cagcttgaac tgcgtggatg 6720
actcacagga ctactacgtg ggcaagaaga acatcacgtg ctgtgacacc gacttgtgca 6780
acgccagegg ggcccatgece ctgcagecgg ctgecgecat ccettgegetyg cteectgcac 6840
tcggectget getcetgggga ccecggcecage tatagagatc tgggccctaa caaaacaaaa 6900
agatggggtt attccctaaa cttcatgggt tacgtaattg gaagttgggg gacattgcca 6960
caagatcata ttgtacaaaa gatcaaacac tgttttagaa aacttcctgt aaacaggcct 7020
attgattgga aagtatgtca aaggattgtg ggtcttttgg gectttgctge tecatttaca 7080
caatgtggat atcctgcctt aatgcctttg tatgcatgta tacaagctaa acaggctttce 7140
actttctege caacttacaa ggcctttcta agtaaacagt acatgaacct ttaccccgtt 7200
gcteggcaac ggcctggtcet gtgccaagtg tttgctgacyg caacccccac tggetggggce 7260
ttggccatag gccatcageg catgcgtgga acctttgtgg ctectcectgece gatccatact 7320
gcggaactec tagecgettg ttttgctege ageccggtctyg gagcaaagcet cataggaact 7380
gacaattctg tcgtectcte gcggaaatat acatcgtttce gatctacgta tgatcttttt 7440
ccetetgeca aaaattatgg ggacatcatg aageccccttg agcatctgac ttectggctaa 7500
taaaggaaat ttattttcat tgcaatagtg tgttggaatt ttttgtgtct ctcactcgga 7560
agc 7563
<210> SEQ ID NO 27
<211> LENGTH: 6396
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 27
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
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acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcgecgcegee gceccegegetg getgtgeget ggggegetgg tgetggeggy 2040
tggcttettt ctcecctcecgget tectcettecgg gtggtttata aaatcctceca atgaagctac 2100
taacattact ccaaagcata atatgaaagc atttttggat gaattgaaag ctgagaacat 2160
caagaagttc ttatataatt ttacacagat accacattta gcaggaacag aacaaaactt 2220
tcagcttgca aagcaaattc aatcccagtg gaaagaattt ggcctggatt ctgttgaget 2280
ggcacattat gatgtcctgt tgtcctaccc aaataagact catcccaact acatctcaat 2340
aattaatgaa gatggaaatg agattttcaa cacatcatta tttgaaccac ctcctceccagg 2400
atatgaaaat gtttcggata ttgtaccacc tttcagtgct ttctctceccte aaggaatgcece 2460
agagggcgat ctagtgtatg ttaactatgc acgaactgaa gacttcttta aattggaacg 2520
ggacatgaaa atcaattgct ctgggaaaat tgtaattgcc agatatggga aagttttcag 2580
aggaaataag gttaaaaatg cccagctggce aggggccaaa ggagtcattce tcectactccga 2640
ccetgetgac tactttgete ctggggtgaa gtectatcca gatggttgga atcttectgg 2700
aggtggtgtc cagcgtggaa atatcctaaa tctgaatggt gcaggagacc ctctcacacc 2760
aggttaccca gcaaatgaat atgcttatag gcgtggaatt gcagaggctg ttggtcecttcece 2820
aagtattcct gttcatccaa ttggatacta tgatgcacag aagctcctag aaaaaatggg 2880
tggctcagca ccaccagata gcagctggag aggaagtctc aaagtgccct acaatgttgg 2940
acctggcettt actggaaact tttctacaca aaaagtcaag atgcacatcc actctaccaa 3000
tgaagtgaca agaatttaca atgtgatagg tactctcaga ggagcagtgg aaccagacag 3060
atatgtcatt ctgggaggtc accgggactc atgggtgttt ggtggtattg accctcagag 3120
tggagcagct gttgttcatg aaattgtgag gagctttgga acactgaaaa aggaagggtg 3180
gagacctaga agaacaattt tgtttgcaag ctgggatgca gaagaatttg gtcttcttgg 3240
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ttctactgag tgggcagagg agaattcaag actccttcaa gagcgtggceg tggcttatat 3300
taatgctgac tcatctatag aaggaaacta cactctgaga gttgattgta caccgctgat 3360
gtacagcttyg gtacacaacc taacaaaaga gctgaaaagc cctgatgaag gctttgaagg 3420
caaatctctt tatgaaagtt ggactaaaaa aagtccttcc ccagagttca gtggcatgcece 3480
caggataagc aaattgggat ctggaaatga ttttgaggtg ttcttccaac gacttggaat 3540
tgcttcaggce agagcacggt atactaaaaa ttgggaaaca aacaaattca gcggctatcce 3600
actgtatcac agtgtctatg aaacatatga gttggtggaa aagttttatg atccaatgtt 3660
taaatatcac ctcactgtgg cccaggttcg aggagggatg gtgtttgage tggccaattce 3720
catagtgctc ccttttgatt gtcgagatta tgctgtagtt ttaagaaagt atgctgacaa 3780
aatctacagt atttctatga aacatccaca ggaaatgaag acatacagtg tatcatttga 3840
ttcacttttt tctgcagtaa agaattttac agaaattgct tccaagttca gtgagagact 3900
ccaggacttt gacaaaagca acccaatagt attaagaatg atgaatgatc aactcatgtt 3960
tctggaaaga gcatttattg atccattagg gttaccagac aggccttttt ataggcatgt 4020
catctatgct ccaagcagcc acaacaagta tgcaggggag tcattcccag gaatttatga 4080
tgctctgttt gatattgaaa gcaaagtgga cccttccaag gectggggag aagtgaagag 4140
acagatttat gttgcagcct tcacagtgca ggcagctgca gagactttga gtgaagtagc 4200
cggatccgaa ggtaggggtt cattattgac ctgtggagat gtcgaagaaa acccaggacce 4260
cgcaagcaag gctgtgctge ttgccctgtt gatggcagge ttggccctge agccaggcac 4320
tgccctgetg tgctactect gcaaagcecca ggtgagcaac gaggactgcce tgcaggtgga 4380
gaactgcacce cagcetggggg agcagtgcetg gaccgegege atccgegeag ttggectect 4440
gaccgtcatc agcaaaggct gcagcttgaa ctgcgtggat gactcacagg actactacgt 4500
gggcaagaag aacatcacgt gctgtgacac cgacttgtgce aacgccageg gggceccatge 4560
cctgcagecg getgecgeca tecttgeget gctecctgeca cteggectge tgctetgggg 4620
acccggcecag ctatagagat ctgggcccta acaaaacaaa aagatggggt tattccctaa 4680
acttcatggg ttacgtaatt ggaagttggg ggacattgcc acaagatcat attgtacaaa 4740
agatcaaaca ctgttttaga aaacttcctg taaacaggcc tattgattgg aaagtatgtce 4800
aaaggattgt gggtcttttg ggctttgctg cteccatttac acaatgtgga tatcctgect 4860
taatgccttt gtatgcatgt atacaagcta aacaggcttt cactttctcg ccaacttaca 4920
aggcctttet aagtaaacag tacatgaacc tttacccegt tgctcggcaa cggectggte 4980
tgtgccaagt gtttgctgac gcaaccccca ctggctgggg cttggccata ggccatcagce 5040
gcatgcgtgg aacctttgtg gctectetge cgatccatac tgcggaactce ctageccgett 5100
gttttgcteg cageccggtct ggagcaaagce tcataggaac tgacaattct gtegtectcet 5160
cgcggaaata tacatcgttt cgatctacgt atgatctttt tccctcectgec aaaaattatg 5220
gggacatcat gaagcccctt gagcatctga cttctggcta ataaaggaaa tttattttca 5280
ttgcaatagt gtgttggaat tttttgtgtc tctcactecgg aaggaattct gcattaatga 5340
atcggccaac gcgcggggag aggcggtttg cgtattggge gectcttceccge ttectegete 5400
actgactcge tgcgctceggt cgtteggcectg cggcgagegg tatcagctca ctcaaaggceg 5460
gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggce 5520
cagcaaaagg ccaggaaccg taaaaaggcc gcgttgetgg cgtttttceca taggctceccecgce 5580
cceectgacyg agcatcacaa aaatcgacge tcaagtcaga ggtggcgaaa cccgacagga 5640
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ctataaagat accaggcgtt tccccctgga agctcecccteg tgcgctctece tgttecgace 5700
ctgccgcetta ccggatacct gtceccgecttt cteecttegg gaagegtgge getttcetcat 5760
agctcacgct gtaggtatct cagttceggtg taggtcgttce gectccaaget gggcectgtgtg 5820
cacgaacccce ccgttcagec cgaccgectge gcecttatecg gtaactatceg tettgagtcece 5880
aacccggtaa gacacgactt atcgccactg gecagcagceca ctggtaacag gattagcaga 5940
gcgaggtatg taggcggtgce tacagagttc ttgaagtggt ggcctaacta cggctacact 6000
agaagaacag tatttggtat ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt 6060
ggtagctcectt gatccggcaa acaaaccacc gctggtageg gtggtttttt tgtttgcaag 6120
cagcagatta cgcgcagaaa aaaaggatct caagaagatc ctttgatctt ttctacgggg 6180
tctgacgecte agtggaacga aaactcacgt taagggattt tggtcatgag attatcaaaa 6240
aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata 6300
tatgagtaaa cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagceg 6360
atctgtcectat ttcegttcatc catagttgcc tgactce 6396
<210> SEQ ID NO 28
<211> LENGTH: 6405
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 28
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
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ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcaaggctg tgctgcttge cctgttgatg gcaggcttgg ccctgcagece 2040
aggcactgcce ctgctgtget actcctgcaa agcccaggtg agcaacgagg actgcectgca 2100
ggtggagaac tgcacccagce tgggggagca gtgctggacce gegegcatcce gegeagttgg 2160
cctectgace gtcatcagca aaggctgcag cttgaactgce gtggatgact cacaggacta 2220
ctacgtggge aagaagaaca tcacgtgetg tgacaccgac ttgtgcaacyg ccagegggge 2280
ccatgcectg cagcecggetyg ccgccatcect tgegectgete cctgcacteg gectgctget 2340
ctggggaccce ggccagctag gatcccagac cctgaacttt gatctgctga aactggcagg 2400
cgatgtggaa agcaacccag gcccaatgge aagegcegege cgeccgeget ggetgtgege 2460
tggggcgetyg gtgctggegyg gtggettcett tcetectegge ttectetteg ggtggtttat 2520
aaaatcctcc aatgaagcta ctaacattac tccaaagcat aatatgaaag catttttgga 2580
tgaattgaaa gctgagaaca tcaagaagtt cttatataat tttacacaga taccacattt 2640
agcaggaaca gaacaaaact ttcagcttgc aaagcaaatt caatcccagt ggaaagaatt 2700
tggcctggat tectgttgage tggcacatta tgatgtectg ttgtecctacce caaataagac 2760
tcatcccaac tacatctcaa taattaatga agatggaaat gagattttca acacatcatt 2820
atttgaacca cctcctceccag gatatgaaaa tgtttcggat attgtaccac ctttcagtgce 2880
tttctetect caaggaatgce cagagggcga tctagtgtat gttaactatg cacgaactga 2940
agacttcttt aaattggaac gggacatgaa aatcaattgc tctgggaaaa ttgtaattgc 3000
cagatatggg aaagttttca gaggaaataa ggttaaaaat gcccagctgg caggggccaa 3060
aggagtcatt ctctactccg accctgctga ctactttget cctggggtga agtcectatcce 3120
agatggttgg aatcttcctg gaggtggtgt ccagcgtgga aatatcctaa atctgaatgg 3180
tgcaggagac cctctcacac caggttaccce agcaaatgaa tatgcttata ggcgtggaat 3240
tgcagaggct gttggtcttce caagtattce tgttcatcca attggatact atgatgcaca 3300
gaagctcecta gaaaaaatgg gtggctcage accaccagat agcagctgga gaggaagtet 3360
caaagtgccce tacaatgttg gacctggctt tactggaaac ttttctacac aaaaagtcaa 3420
gatgcacatc cactctacca atgaagtgac aagaatttac aatgtgatag gtactctcag 3480
aggagcagtg gaaccagaca gatatgtcat tctgggaggt caccgggact catgggtgtt 3540
tggtggtatt gaccctcaga gtggagcagce tgttgttcat gaaattgtga ggagctttgg 3600
aacactgaaa aaggaagggdt ggagacctag aagaacaatt ttgtttgcaa gctgggatgc 3660
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agaagaattt ggtcttcttg gttctactga gtgggcagag gagaattcaa gactccttca 3720
agagcgtggce gtggcttata ttaatgctga ctcatctata gaaggaaact acactctgag 3780
agttgattgt acaccgctga tgtacagctt ggtacacaac ctaacaaaag agctgaaaag 3840
ccetgatgaa ggctttgaag gcaaatctct ttatgaaagt tggactaaaa aaagtcecttce 3900
cccagagttce agtggcatgce ccaggataag caaattggga tctggaaatg attttgaggt 3960
gttcttccaa cgacttggaa ttgcttcagg cagagcacgg tatactaaaa attgggaaac 4020
aaacaaattc agcggctatc cactgtatca cagtgtctat gaaacatatg agttggtgga 4080
aaagttttat gatccaatgt ttaaatatca cctcactgtg gcccaggttce gaggagggat 4140
ggtgtttgag ctggccaatt ccatagtgct cccttttgat tgtcgagatt atgctgtagt 4200
tttaagaaag tatgctgaca aaatctacag tatttctatg aaacatccac aggaaatgaa 4260
gacatacagt gtatcatttg attcactttt ttctgcagta aagaatttta cagaaattgce 4320
ttccaagttc agtgagagac tccaggactt tgacaaaagc aacccaatag tattaagaat 4380
gatgaatgat caactcatgt ttctggaaag agcatttatt gatccattag ggttaccaga 4440
caggcctttt tataggcatg tcatctatgce tccaagcagce cacaacaagt atgcagggga 4500
gtcattccca ggaatttatg atgctctgtt tgatattgaa agcaaagtgg acccttcecaa 4560
ggcctgggga gaagtgaaga gacagattta tgttgcagec ttcacagtgc aggcagcetge 4620
agagactttg agtgaagtag cctaaagatc tgggccctaa caaaacaaaa agatggggtt 4680
attccctaaa cttcatgggt tacgtaattg gaagttgggg gacattgcca caagatcata 4740
ttgtacaaaa gatcaaacac tgttttagaa aacttcctgt aaacaggcct attgattgga 4800
aagtatgtca aaggattgtg ggtcttttgg gctttgcetge tccatttaca caatgtggat 4860
atcctgectt aatgecctttg tatgcatgta tacaagctaa acaggcttte actttcectegce 4920
caacttacaa ggcctttcta agtaaacagt acatgaacct ttaccccgtt getcecggcaac 4980
ggcectggtet gtgccaagtg tttgctgacg caacccccac tggctggggce ttggccatag 5040
gccatcageg catgcecgtgga acctttgtgg ctectectgec gatccatact gcggaactcece 5100
tagccgettg ttttgctege ageccggtcectg gagcaaagcet cataggaact gacaattcectg 5160
tcgtectete geggaaatat acatcgttte gatctacgta tgatcttttt cectcectgeca 5220
aaaattatgg ggacatcatg aagccccttg agcatctgac ttctggctaa taaaggaaat 5280
ttattttcat tgcaatagtg tgttggaatt ttttgtgtct ctcactcgga aggaattctg 5340
cattaatgaa tcggccaacg cgcggggaga ggcggtttge gtattgggeg ctettcecget 5400
tcetegeteca ctgacteget gegeteggte gtteggetge ggcgageggt atcagctcac 5460
tcaaaggcgg taatacggtt atccacagaa tcaggggata acgcaggaaa gaacatgtga 5520
gcaaaaggcc agcaaaaggc caggaaccgt aaaaaggccg cgttgctggce gtttttecat 5580
aggcteccgee cccctgacga gcatcacaaa aatcgacget caagtcagag gtggcgaaac 5640
ccgacaggac tataaagata ccaggcgttt cccecctggaa gectcecctegt gegetcectect 5700
gttccgacee tgccgcttac cggatacctg tceccgecttte tecctteggg aagegtggeyg 5760
ctttctcecata gctcacgetg taggtatcte agtteggtgt aggtcgtteg ctceccaagetg 5820
ggctgtgtge acgaacccce cgttcagecce gaccgcectgeg ccttatcecgg taactategt 5880
cttgagtcca acccggtaag acacgactta tcgccactgg cagcagccac tggtaacagg 5940
attagcagag cgaggtatgt aggcggtgct acagagttct tgaagtggtg gcctaactac 6000
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ggctacacta gaagaacagt atttggtatc tgcgctctge tgaagccagt taccttcegga 6060
aaaagagttg gtagctcttg atccggcaaa caaaccaccg ctggtagcgg tggttttttt 6120
gtttgcaagc agcagattac gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt 6180
tctacggggt ctgacgctca gtggaacgaa aactcacgtt aagggatttt ggtcatgaga 6240
ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa aatgaagttt taaatcaatc 6300
taaagtatat atgagtaaac ttggtctgac agttaccaat gcttaatcag tgaggcacct 6360
atctcagcga tctgtctatt tcegttcatce atagttgect gacte 6405
<210> SEQ ID NO 29
<211> LENGTH: 6750
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 29
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
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gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcattgtgg gaggctggga gtgcgagaag cattcccaac cctggcaggt 2040
gcttgtggee tcetegtggca gggcagtetg cggceggtgtt ctggtgcacce cccagtgggt 2100
cctcacagcet geccactgca tcaggaacaa aagcgtgatce ttgctgggtce ggcacagcett 2160
gtttcatcct gaagacacag gccaggtatt tcaggtcagce cacagcttcce cacacccgcet 2220
ctacgatatg agcctcctga agaatcgatt cctcaggcca ggtgatgact ccagccacga 2280
cctcatgetg ctcecegectgt cagagcectge cgagctcacg gatgctgtga aggtcatgga 2340
cctgeccace caggagecag cactggggac cacctgctac gectcagget ggggcagcat 2400
tgaaccagag gagttcttga ccccaaagaa acttcagtgt gtggacctcce atgttatttce 2460
caatgacgtg tgtgcgcaag ttcaccctca gaaggtgacc aagttcatge tgtgtgectgg 2520
acgctggaca gggggcaaaa gcacctgctce gggtgattcect gggggcccac ttgtctgtaa 2580
tggtgtgctt caaggtatca cgtcatgggg cagtgaacca tgtgccctge ccgaaaggcce 2640
ttccctgtac accaaggtgg tgcattaccg gaagtggatc aaggacacca tcgtggccaa 2700
ccecggatcee cagaccctga actttgatct gctgaaactg gcaggcgatg tggaaagcaa 2760
cccaggecca atggcaagceg cgcgcecgecce gegetggetyg tgegetgggyg cgetggtget 2820
ggcgggtgge ttetttectee tecggecttect cttegggtgg tttataaaat cctceccaatga 2880
agctactaac attactccaa agcataatat gaaagcattt ttggatgaat tgaaagctga 2940
gaacatcaag aagttcttat ataattttac acagatacca catttagcag gaacagaaca 3000
aaactttcag cttgcaaagc aaattcaatc ccagtggaaa gaatttggcce tggattctgt 3060
tgagctggca cattatgatg tcecctgttgtce ctacccaaat aagactcatc ccaactacat 3120
ctcaataatt aatgaagatg gaaatgagat tttcaacaca tcattatttg aaccacctcc 3180
tccaggatat gaaaatgttt cggatattgt accacctttc agtgctttet ctectcaagg 3240
aatgccagag ggcgatctag tgtatgttaa ctatgcacga actgaagact tctttaaatt 3300
ggaacgggac atgaaaatca attgctctgg gaaaattgta attgccagat atgggaaagt 3360
tttcagagga aataaggtta aaaatgccca gctggcaggg gccaaaggag tcattctcta 3420
ctccgaccct getgactact ttgctectgg ggtgaagtcece tatccagatg gttggaatct 3480
tcetggaggt ggtgtccage gtggaaatat cctaaatctg aatggtgcag gagaccctcet 3540
cacaccaggt tacccagcaa atgaatatgc ttataggcgt ggaattgcag aggctgttgg 3600
tcttccaagt attcectgtte atccaattgg atactatgat gcacagaagce tcctagaaaa 3660
aatgggtggce tcagcaccac cagatagcag ctggagagga agtctcaaag tgccctacaa 3720
tgttggacct ggctttactyg gaaacttttc tacacaaaaa gtcaagatgc acatccactc 3780
taccaatgaa gtgacaagaa tttacaatgt gataggtact ctcagaggag cagtggaacc 3840
agacagatat gtcattctgg gaggtcaccg ggactcatgg gtgtttggtg gtattgaccce 3900
tcagagtgga gcagctgttg ttcatgaaat tgtgaggagc tttggaacac tgaaaaagga 3960
agggtggaga cctagaagaa caattttgtt tgcaagctgg gatgcagaag aatttggtct 4020
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tcttggttet actgagtggg cagaggagaa ttcaagactc cttcaagagce gtggcegtggce 4080
ttatattaat gctgactcat ctatagaagg aaactacact ctgagagttg attgtacacc 4140
gctgatgtac agecttggtac acaacctaac aaaagagctg aaaagccctg atgaaggcett 4200
tgaaggcaaa tctctttatg aaagttggac taaaaaaagt ccttccccag agttcagtgg 4260
catgcccagg ataagcaaat tgggatctgg aaatgatttt gaggtgttct tceccaacgact 4320
tggaattgct tcaggcagag cacggtatac taaaaattgg gaaacaaaca aattcagcgg 4380
ctatccactg tatcacagtg tctatgaaac atatgagttg gtggaaaagt tttatgatcc 4440
aatgtttaaa tatcacctca ctgtggccca ggttcgagga gggatggtgt ttgagctggce 4500
caattccata gtgctccectt ttgattgtcg agattatgect gtagttttaa gaaagtatgc 4560
tgacaaaatc tacagtattt ctatgaaaca tccacaggaa atgaagacat acagtgtatc 4620
atttgattca cttttttcetg cagtaaagaa ttttacagaa attgcttcca agttcagtga 4680
gagactccag gactttgaca aaagcaaccc aatagtatta agaatgatga atgatcaact 4740
catgtttctg gaaagagcat ttattgatcc attagggtta ccagacaggc ctttttatag 4800
gcatgtcatc tatgctccaa gcagccacaa caagtatgca ggggagtcat tcccaggaat 4860
ttatgatgct ctgtttgata ttgaaagcaa agtggaccct tccaaggcct ggggagaagt 4920
gaagagacag atttatgttg cagccttcac agtgcaggca gctgcagaga ctttgagtga 4980
agtagcctaa agatctgggce cctaacaaaa caaaaagatg gggttattcc ctaaacttca 5040
tgggttacgt aattggaagt tgggggacat tgccacaaga tcatattgta caaaagatca 5100
aacactgttt tagaaaactt cctgtaaaca ggcctattga ttggaaagta tgtcaaagga 5160
ttgtgggtct tttgggcttt getgcteccat ttacacaatg tggatatcct gecttaatgce 5220
ctttgtatgc atgtatacaa gctaaacagg ctttcacttt ctcgccaact tacaaggcect 5280
ttctaagtaa acagtacatg aacctttacc ccgttgcteg gcaacggcct ggtcectgtgece 5340
aagtgtttgce tgacgcaacc cccactggct ggggcttgge cataggccat cagcgcatgce 5400
gtggaacctt tgtggctcct ctgccgatcce atactgcgga actcctagec gcecttgttttg 5460
ctcgcagecg gtctggagca aagctcatag gaactgacaa ttctgtcecgte ctectcegegga 5520
aatatacatc gtttcgatct acgtatgatc tttttcecte tgccaaaaat tatggggaca 5580
tcatgaagcce ccttgagcat ctgacttctg gctaataaag gaaatttatt ttcattgcaa 5640
tagtgtgttg gaattttttg tgtctctcac tcggaaggaa ttctgcatta atgaatcggce 5700
caacgcgcgg ggagaggcegg tttgcgtatt gggegctett cecgcttecte getcactgac 5760
tcgectgeget cggtegtteg getgcecggcga gcggtatcag ctcactcaaa ggcggtaata 5820
cggttatcca cagaatcagg ggataacgca ggaaagaaca tgtgagcaaa aggccagcaa 5880
aaggccagga accgtaaaaa ggccgcegttg ctggegtttt tceccatagget ccgecccect 5940
gacgagcatc acaaaaatcg acgctcaagt cagaggtggce gaaacccgac aggactataa 6000
agataccagg cgtttcccee tggaagctce ctegtgeget ctectgttee gaccctgecg 6060
cttaccggat acctgtcecge ctttctecct tcecgggaageg tggcegecttte tcatagetca 6120
cgctgtaggt atctcagttc ggtgtaggtce gttegctceca agctgggctg tgtgcacgaa 6180
cceceegtte agecccgacceg ctgcgectta tceccggtaact atcgtcecttga gtccaaccceg 6240
gtaagacacyg acttatcgcce actggcagca gccactggta acaggattag cagagcgagyg 6300
tatgtaggcg gtgctacaga gttcttgaag tggtggecta actacggcta cactagaaga 6360
acagtatttg gtatctgcge tcectgctgaag ccagttacct tcggaaaaag agttggtagce 6420
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tcttgatcecg gcaaacaaac caccgctggt agecggtggtt tttttgtttg caagcagcag 6480
attacgcgca gaaaaaaagg atctcaagaa gatcctttga tecttttctac ggggtctgac 6540
gctcagtgga acgaaaactc acgttaaggg attttggtca tgagattatc aaaaaggatc 6600
ttcacctaga tccttttaaa ttaaaaatga agttttaaat caatctaaag tatatatgag 6660
taaacttggt ctgacagtta ccaatgctta atcagtgagg cacctatctc agcgatctgt 6720
ctatttecgtt catccatagt tgcctgacte 6750
<210> SEQ ID NO 30
<211> LENGTH: 6908
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 30
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
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gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcgecgcegee gceccegegetg getgtgeget ggggegetgg tgetggeggy 2040
tggcttettt ctcecctcecgget tectcettecgg gtggtttata aaatcctceca atgaagctac 2100
taacattact ccaaagcata atatgaaagc atttttggat gaattgaaag ctgagaacat 2160
caagaagttc ttatataatt ttacacagat accacattta gcaggaacag aacaaaactt 2220
tcagcttgca aagcaaattc aatcccagtg gaaagaattt ggcctggatt ctgttgaget 2280
ggcacattat gatgtcctgt tgtcctaccc aaataagact catcccaact acatctcaat 2340
aattaatgaa gatggaaatg agattttcaa cacatcatta tttgaaccac ctcctceccagg 2400
atatgaaaat gtttcggata ttgtaccacc tttcagtgct ttctctceccte aaggaatgcece 2460
agagggcgat ctagtgtatg ttaactatgc acgaactgaa gacttcttta aattggaacg 2520
ggacatgaaa atcaattgct ctgggaaaat tgtaattgcc agatatggga aagttttcag 2580
aggaaataag gttaaaaatg cccagctggce aggggccaaa ggagtcattce tcectactccga 2640
ccetgetgac tactttgete ctggggtgaa gtectatcca gatggttgga atcttectgg 2700
aggtggtgtc cagcgtggaa atatcctaaa tctgaatggt gcaggagacc ctctcacacc 2760
aggttaccca gcaaatgaat atgcttatag gcgtggaatt gcagaggctg ttggtcecttcece 2820
aagtattcct gttcatccaa ttggatacta tgatgcacag aagctcctag aaaaaatggg 2880
tggctcagca ccaccagata gcagctggag aggaagtctc aaagtgccct acaatgttgg 2940
acctggcettt actggaaact tttctacaca aaaagtcaag atgcacatcc actctaccaa 3000
tgaagtgaca agaatttaca atgtgatagg tactctcaga ggagcagtgg aaccagacag 3060
atatgtcatt ctgggaggtc accgggactc atgggtgttt ggtggtattg accctcagag 3120
tggagcagct gttgttcatg aaattgtgag gagctttgga acactgaaaa aggaagggtg 3180
gagacctaga agaacaattt tgtttgcaag ctgggatgca gaagaatttg gtcttcttgg 3240
ttctactgag tgggcagagg agaattcaag actccttcaa gagcgtggceg tggcttatat 3300
taatgctgac tcatctatag aaggaaacta cactctgaga gttgattgta caccgctgat 3360
gtacagcttyg gtacacaacc taacaaaaga gctgaaaagc cctgatgaag gctttgaagg 3420
caaatctctt tatgaaagtt ggactaaaaa aagtccttcc ccagagttca gtggcatgcece 3480
caggataagc aaattgggat ctggaaatga ttttgaggtg ttcttccaac gacttggaat 3540
tgcttcaggce agagcacggt atactaaaaa ttgggaaaca aacaaattca gcggctatcce 3600
actgtatcac agtgtctatg aaacatatga gttggtggaa aagttttatg atccaatgtt 3660
taaatatcac ctcactgtgg cccaggttcg aggagggatg gtgtttgage tggccaattce 3720
catagtgctc ccttttgatt gtcgagatta tgctgtagtt ttaagaaagt atgctgacaa 3780
aatctacagt atttctatga aacatccaca ggaaatgaag acatacagtg tatcatttga 3840
ttcacttttt tctgcagtaa agaattttac agaaattgct tccaagttca gtgagagact 3900
ccaggacttt gacaaaagca acccaatagt attaagaatg atgaatgatc aactcatgtt 3960
tctggaaaga gcatttattg atccattagg gttaccagac aggccttttt ataggcatgt 4020
catctatgct ccaagcagcc acaacaagta tgcaggggag tcattcccag gaatttatga 4080
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tgctctgttt gatattgaaa gcaaagtgga cccttccaag gectggggag aagtgaagag 4140
acagatttat gttgcagcct tcacagtgca ggcagctgca gagactttga gtgaagtagc 4200
ctaaagatct gaccccctaa cgttactgge cgaagccgct tggaataagg ccggtgtgeg 4260
tttgtctata tgttattttc caccatattg ccgtcttttg gcaatgtgag ggcccggaaa 4320
cctggeectg tettettgac gagcattcecct aggggtcettt ceccctectcege caaaggaatg 4380
caaggtctgt tgaatgtcgt gaaggaagca gttcecctetgg aagcttcttg aagacaaaca 4440
acgtctgtag cgaccctttg caggcagcgg aaccccccac ctggcgacag gtgectetge 4500
ggccaaaage cacgtgtata agatacacct gcaaaggcegg cacaacccca gtgccacgtt 4560
gtgagttgga tagttgtgga aagagtcaaa tggctctcct caagcgtatt caacaagggyg 4620
ctgaaggatg cccagaaggt accccattgt atgggatctg atctggggcce teggtgcaca 4680
tgctttacat gtgtttagtc gaggttaaaa aacgtctagg ccccccgaac cacggggacg 4740
tggttttcct ttgaaaaaca cgatgataat atggccagca aggctgtgct gettgccctg 4800
ttgatggcag gcttggcect gcagccaggce actgccctge tgtgctacte ctgcaaagcece 4860
caggtgagca acgaggactg cctgcaggtg gagaactgca cccagcetggyg ggagcagtge 4920
tggaccgcge gcatccgege agttggecte ctgaccgtca tcagcaaagg ctgcagettg 4980
aactgcgtgg atgactcaca ggactactac gtgggcaaga agaacatcac gtgctgtgac 5040
accgacttgt gcaacgccag cggggcccat gecctgcage cggcetgecege catccttgeg 5100
ctgctecectg cactecggect getgctetgg ggacccggece agctataggg atctgggecce 5160
taacaaaaca aaaagatggg gttattccct aaacttcatg ggttacgtaa ttggaagttg 5220
ggggacattg ccacaagatc atattgtaca aaagatcaaa cactgtttta gaaaacttcc 5280
tgtaaacagg cctattgatt ggaaagtatg tcaaaggatt gtgggtcttt tgggctttgce 5340
tgctccattt acacaatgtg gatatcctge cttaatgect ttgtatgcat gtatacaagc 5400
taaacaggct ttcactttcect cgccaactta caaggccttt ctaagtaaac agtacatgaa 5460
cctttaccece gttgctcecgge aacggcectgg tcectgtgcecaa gtgtttgctg acgcaaccce 5520
cactggctgg ggcttggeca taggccatca gcgcatgegt ggaacctttg tggctcectcet 5580
gccgatccat actgcggaac tcectagecge ttgttttget cgcagcecggt ctggagcaaa 5640
gctcatagga actgacaatt ctgtcgtect ctcgcggaaa tatacatcgt ttcgatctac 5700
gtatgatctt tttccctcectg ccaaaaatta tggggacatc atgaagcccce ttgagcatct 5760
gacttctggce taataaagga aatttatttt cattgcaata gtgtgttgga attttttgtg 5820
tctectecacte ggaaggaatt ctgcattaat gaatcggceca acgcgcgggg agaggcggtt 5880
tgcgtattgg gegctcttee gettectege tcactgacte getgegecteg gtegttegge 5940
tgcggcgage ggtatcaget cactcaaagg cggtaatacg gttatccaca gaatcagggg 6000
ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg 6060
ccgegttget ggegttttte cataggctce gcccccecctga cgagcatcac aaaaatcgac 6120
gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg ttteccectg 6180
gaagctcect cgtgegetcet cctgttecga cecctgecget taccggatac ctgtceccgect 6240
ttctecectte gggaagegtyg gegcetttcecte atagctcacg ctgtaggtat ctcagttegg 6300
tgtaggtcgt tecgctccaag ctgggctgtg tgcacgaacc ccccgttcag cccgaccgcet 6360
gcgecttate cggtaactat cgtcecttgagt ccaacccggt aagacacgac ttatcgecac 6420
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tggcagcagce cactggtaac aggattagca gagcgaggta tgtaggcggt gctacagagt 6480
tcttgaagtg gtggcctaac tacggctaca ctagaagaac agtatttggt atctgcgcetce 6540
tgctgaagcce agttaccttc ggaaaaagag ttggtagcectc ttgatccggce aaacaaacca 6600
ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga aaaaaaggat 6660
ctcaagaaga tcctttgatc ttttctacgg ggtctgacgce tcagtggaac gaaaactcac 6720
gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc cttttaaatt 6780
aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct gacagttacc 6840
aatgcttaat cagtgaggca cctatctcag cgatctgtcect atttcgttca tceccatagttg 6900
cctgacte 6908
<210> SEQ ID NO 31
<211> LENGTH: 6914
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 31
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
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atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcaaggctg tgctgcttge cctgttgatg gcaggcttgg ccctgcagece 2040
aggcactgcce ctgctgtget actcctgcaa agcccaggtg agcaacgagg actgcectgca 2100
ggtggagaac tgcacccagce tgggggagca gtgctggacce gegegcatcce gegeagttgg 2160
cctectgace gtcatcagca aaggctgcag cttgaactgce gtggatgact cacaggacta 2220
ctacgtggge aagaagaaca tcacgtgetg tgacaccgac ttgtgcaacyg ccagegggge 2280
ccatgcectg cagcecggetyg ccgccatcect tgegectgete cctgcacteg gectgctget 2340
ctggggaccce ggccagctat agagatctga cccecctaacg ttactggccg aagccgcettg 2400
gaataaggcc ggtgtgcgtt tgtctatatg ttattttcca ccatattgcecce gtettttgge 2460
aatgtgaggg cccggaaacc tggccctgte ttettgacga gcattcctag gggtctttcece 2520
cctectegeca aaggaatgca aggtcetgttg aatgtcgtga aggaagcagt tectctggaa 2580
gcttettgaa gacaaacaac gtctgtageg accctttgca ggcagcggaa ccccccacct 2640
ggcgacaggt gectetgegg ccaaaagcca cgtgtataag atacacctgce aaaggcggea 2700
caaccccagt geccacgttgt gagttggata gttgtggaaa gagtcaaatg gcectctectca 2760
agcgtattca acaaggggct gaaggatgcce cagaaggtac cccattgtat gggatctgat 2820
ctggggcectce ggtgcacatg ctttacatgt gtttagtcecga ggttaaaaaa cgtctaggcece 2880
ccecgaacca cggggacgtg gttttecttt gaaaaacacg atgataatat ggccacaacc 2940
atggcgegece geccgcegetyg getgtgeget ggggcgetgg tgctggeggg tggettettt 3000
ctecctegget tectettegg gtggtttata aaatccteca atgaagctac taacattact 3060
ccaaagcata atatgaaagc atttttggat gaattgaaag ctgagaacat caagaagttc 3120
ttatataatt ttacacagat accacattta gcaggaacag aacaaaactt tcagcttgca 3180
aagcaaattc aatcccagtyg gaaagaattt ggcctggatt ctgttgagct ggcacattat 3240
gatgtcctgt tgtcctacce aaataagact catcccaact acatctcaat aattaatgaa 3300
gatggaaatg agattttcaa cacatcatta tttgaaccac ctcctccagg atatgaaaat 3360
gtttcggata ttgtaccacc tttcagtget ttctcectcecte aaggaatgcecce agagggcgat 3420
ctagtgtatg ttaactatgc acgaactgaa gacttcttta aattggaacg ggacatgaaa 3480
atcaattgct ctgggaaaat tgtaattgcc agatatggga aagttttcag aggaaataag 3540
gttaaaaatg cccagctggce aggggccaaa ggagtcattce tctactccga ccctgctgac 3600
tactttgctce ctggggtgaa gtcctatcca gatggttgga atcttecctgg aggtggtgte 3660
cagcgtggaa atatcctaaa tcectgaatggt gcaggagacc ctctcacacc aggttaccca 3720
gcaaatgaat atgcttatag gcgtggaatt gcagaggctg ttggtcttcc aagtattect 3780
gttcatccaa ttggatacta tgatgcacag aagctcctag aaaaaatggg tggctcagca 3840
ccaccagata gcagctggag aggaagtctc aaagtgccect acaatgttgg acctggcettt 3900
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actggaaact tttctacaca aaaagtcaag atgcacatcc actctaccaa tgaagtgaca 3960
agaatttaca atgtgatagg tactctcaga ggagcagtgg aaccagacag atatgtcatt 4020
ctgggaggtc accgggactc atgggtgttt ggtggtattg accctcagag tggagcagct 4080
gttgttcatg aaattgtgag gagctttgga acactgaaaa aggaagggtg gagacctaga 4140
agaacaattt tgtttgcaag ctgggatgca gaagaatttg gtcttcttgg ttctactgag 4200
tgggcagagg agaattcaag actccttcaa gagcgtggceg tggcttatat taatgctgac 4260
tcatctatag aaggaaacta cactctgaga gttgattgta caccgctgat gtacagcttg 4320
gtacacaacc taacaaaaga gctgaaaagc cctgatgaag gctttgaagg caaatctcett 4380
tatgaaagtt ggactaaaaa aagtccttcce ccagagttca gtggcatgcce caggataagc 4440
aaattgggat ctggaaatga ttttgaggtg ttcttccaac gacttggaat tgcttcaggce 4500
agagcacggt atactaaaaa ttgggaaaca aacaaattca gcggctatcc actgtatcac 4560
agtgtctatg aaacatatga gttggtggaa aagttttatg atccaatgtt taaatatcac 4620
ctcactgtgg cccaggtteg aggagggatg gtgtttgagce tggccaattc catagtgcectce 4680
ccttttgatt gtcgagatta tgctgtagtt ttaagaaagt atgctgacaa aatctacagt 4740
atttctatga aacatccaca ggaaatgaag acatacagtg tatcatttga ttcacttttt 4800
tctgcagtaa agaattttac agaaattgct tccaagttca gtgagagact ccaggacttt 4860
gacaaaagca acccaatagt attaagaatg atgaatgatc aactcatgtt tctggaaaga 4920
gcatttattg atccattagg gttaccagac aggccttttt ataggcatgt catctatgcet 4980
ccaagcagcc acaacaagta tgcaggggag tcattcccag gaatttatga tgctctgttt 5040
gatattgaaa gcaaagtgga cccttccaag gcctggggag aagtgaagag acagatttat 5100
gttgcagect tcacagtgca ggcagctgca gagactttga gtgaagtagc ctaaagatct 5160
gggccctaac aaaacaaaaa gatggggtta ttccctaaac ttcatgggtt acgtaattgg 5220
aagttggggg acattgccac aagatcatat tgtacaaaag atcaaacact gttttagaaa 5280
acttcctgta aacaggccta ttgattggaa agtatgtcaa aggattgtgg gtcecttttggg 5340
ctttgctget ccatttacac aatgtggata tcctgcctta atgcctttgt atgcatgtat 5400
acaagctaaa caggctttca ctttctecgce aacttacaag gectttctaa gtaaacagta 5460
catgaacctt taccccgttg ctecggcaacg gcectggtetg tgccaagtgt ttgctgacgce 5520
aacccccact ggctggggcet tggccatagg ccatcagege atgcgtggaa cctttgtggce 5580
tcetetgeeg atccatactyg cggaactcect agececgettgt tttgctcecgeca gecggtetgg 5640
agcaaagctc ataggaactg acaattctgt cgteccteteg cggaaatata catcgtttceg 5700
atctacgtat gatctttttc cctctgccaa aaattatggg gacatcatga agccccttga 5760
gcatctgact tctggctaat aaaggaaatt tattttcatt gcaatagtgt gttggaattt 5820
tttgtgtcte tcactcggaa ggaattctge attaatgaat cggccaacgce gceggggagag 5880
gcggtttgeg tattgggcecge tctteccgett ccectcegetcac tgactegetg cgeteggteg 5940
tteggetgeg gegageggta tcagctcact caaaggcecggt aatacggtta tccacagaat 6000
caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta 6060
aaaaggccgce gttgctggeg tttttecata ggctceccgece cecctgacgag catcacaaaa 6120
atcgacgctce aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce 6180
ccectggaag cteectegtyg cgetcetectg ttecgaccect gecgecttace ggatacctgt 6240
ccgectttet cectteggga agegtggcege tttetcatag ctcacgcectgt aggtatctca 6300
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gttcggtgta ggtcgttcecge tccaagetgg getgtgtgca cgaacccceccce gttcageccy 6360
accgctgege cttatccggt aactatcgte ttgagtccaa cccggtaaga cacgacttat 6420
cgccactggce agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta 6480
cagagttctt gaagtggtgg cctaactacg gctacactag aagaacagta tttggtatct 6540
gcgetetget gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac 6600
aaaccaccgce tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa 6660
aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa 6720
actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt 6780
taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca 6840
gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca 6900
tagttgcctg actce 6914
<210> SEQ ID NO 32
<211> LENGTH: 5411
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 32
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
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tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcaaggctg tgctgcttge cctgttgatg gcaggcttgg ccctgcagece 2040
aggcactgcce ctgctgtget actcctgcaa agcccaggtg agcaacgagg actgcectgca 2100
ggtggagaac tgcacccagce tgggggagca gtgctggacce gegegcatcce gegeagttgg 2160
cctectgace gtcatcagca aaggctgcag cttgaactgce gtggatgact cacaggacta 2220
ctacgtggge aagaagaaca tcacgtgetg tgacaccgac ttgtgcaacyg ccagegggge 2280
ccatgcectg cagcecggetyg ccgccatcect tgegectgete cctgcacteg gectgctget 2340
ctggggaccce ggccagctat agagatctga cccecctaacg ttactggccg aagccgcettg 2400
gaataaggcc ggtgtgcgtt tgtctatatg ttattttcca ccatattgcecce gtettttgge 2460
aatgtgaggg cccggaaacc tggccctgte ttettgacga gcattcctag gggtctttcece 2520
cctectegeca aaggaatgca aggtcetgttg aatgtcgtga aggaagcagt tectctggaa 2580
gcttettgaa gacaaacaac gtctgtageg accctttgca ggcagcggaa ccccccacct 2640
ggcgacaggt gectetgegg ccaaaagcca cgtgtataag atacacctgce aaaggcggea 2700
caaccccagt geccacgttgt gagttggata gttgtggaaa gagtcaaatg gcectctectca 2760
agcgtattca acaaggggct gaaggatgcce cagaaggtac cccattgtat gggatctgat 2820
ctggggcectce ggtgcacatg ctttacatgt gtttagtcecga ggttaaaaaa cgtctaggcece 2880
ccecgaacca cggggacgtg gttttecttt gaaaaacacg atgataatat ggccagcatt 2940
gtgggaggct gggagtgcga gaagcattcc caaccctgge aggtgcttgt ggectctegt 3000
ggcagggcag tctgcggcegg tgttcectggtg cacccccagt gggtcectcac agctgcccac 3060
tgcatcagga acaaaagcgt gatcttgctg ggtcggcaca gettgtttca tectgaagac 3120
acaggccagg tatttcaggt cagccacagc ttcccacacc cgctctacga tatgagcectce 3180
ctgaagaatc gattcctcag gccaggtgat gactccagecc acgacctcat getgctecegce 3240
ctgtcagagc ctgccgagcect cacggatgct gtgaaggtca tggacctgcce cacccaggag 3300
ccagcactgg ggaccacctg ctacgectca ggetggggca gcattgaacce agaggagtte 3360
ttgaccccaa agaaacttca gtgtgtggac ctccatgtta tttccaatga cgtgtgtgeg 3420
caagttcacc ctcagaaggt gaccaagttc atgctgtgtg ctggacgctg gacagggggc 3480
aaaagcacct gctcgggtga ttetgggggce ccacttgtet gtaatggtgt gettcaaggt 3540
atcacgtcat ggggcagtga accatgtgcc ctgcccgaaa ggcecttccet gtacaccaag 3600
gtggtgcatt accggaagtg gatcaaggac accatcgtgg ccaacccctg aggatctggg 3660
ccctaacaaa acaaaaagat ggggttattc cctaaacttc atgggttacg taattggaag 3720
ttgggggaca ttgccacaag atcatattgt acaaaagatc aaacactgtt ttagaaaact 3780
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tcetgtaaac aggcctattg attggaaagt atgtcaaagg attgtgggte ttttgggett 3840
tgctgctecca tttacacaat gtggatatce tgccttaatg cctttgtatg catgtataca 3900
agctaaacag gctttcactt tcectcgccaac ttacaaggcce tttctaagta aacagtacat 3960
gaacctttac ccecgttgcte ggcaacggcece tggtctgtge caagtgtttg ctgacgcaac 4020
ccecactgge tggggcttgg ccataggcca tcagcgcatg cgtggaacct ttgtggctcece 4080
tctgccgate catactgegg aactcctage cgettgtttt getcegcagee ggtctggagce 4140
aaagctcata ggaactgaca attctgtcgt cctectcecgegg aaatatacat cgtttcecgatce 4200
tacgtatgat ctttttcecct ctgccaaaaa ttatggggac atcatgaagc cccttgagca 4260
tctgacttct ggctaataaa ggaaatttat tttcattgca atagtgtgtt ggaatttttt 4320
gtgtctctceca ctcggaagga attctgcatt aatgaatcgg ccaacgcgcg gggagaggcyg 4380
gtttgcgtat tgggcgctct tcegettect cgctcactga ctegetgege tcecggtegtte 4440
ggctgcggeyg agcggtatca gctcactcaa aggcggtaat acggttatcce acagaatcag 4500
gggataacgce aggaaagaac atgtgagcaa aaggccagca aaaggccagg aaccgtaaaa 4560
aggccgegtt getggegttt tteccatagge tcecgeccccece tgacgagcat cacaaaaatce 4620
gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag gegtttcccce 4680
ctggaagctce cctegtgege tetectgtte cgaccctgece gettaccgga tacctgtecg 4740
cctttetece ttcecgggaage gtggcegettt ctcecatagetce acgctgtagg tatctcagtt 4800
cggtgtaggt cgttcgctec aagctgggct gtgtgcacga acccceccgtt cagcecccgacce 4860
gctgegectt atccggtaac tatcgtettg agtccaacce ggtaagacac gacttatcege 4920
cactggcagc agccactggt aacaggatta gcagagcgag gtatgtaggc ggtgctacag 4980
agttcttgaa gtggtggcct aactacggct acactagaag aacagtattt ggtatctgceg 5040
ctctgctgaa geccagttacce ttcggaaaaa gagttggtag ctcttgatce ggcaaacaaa 5100
ccaccgcetgg tagcggtggt ttttttgttt gcaagcagca gattacgcgce agaaaaaaag 5160
gatctcaaga agatcctttg atcttttecta cggggtctga cgctcagtgg aacgaaaact 5220
cacgttaagg gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa 5280
attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt 5340
accaatgctt aatcagtgag gcacctatct cagcgatctg tctatttcecgt tcatccatag 5400
ttgcctgact ¢ 5411
<210> SEQ ID NO 33
<211> LENGTH: 7694
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 33
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
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tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcattgtgg gaggctggga gtgcgagaag cattcccaac cctggcaggt 2040
gcttgtggee tcetegtggca gggcagtetg cggceggtgtt ctggtgcacce cccagtgggt 2100
cctcacagcet geccactgca tcaggaacaa aagcgtgatce ttgctgggtce ggcacagcett 2160
gtttcatcct gaagacacag gccaggtatt tcaggtcagce cacagcttcce cacacccgcet 2220
ctacgatatg agcctcctga agaatcgatt cctcaggcca ggtgatgact ccagccacga 2280
cctcatgetg ctcecegectgt cagagcectge cgagctcacg gatgctgtga aggtcatgga 2340
cctgeccace caggagecag cactggggac cacctgctac gectcagget ggggcagcat 2400
tgaaccagag gagttcttga ccccaaagaa acttcagtgt gtggacctcce atgttatttce 2460
caatgacgtg tgtgcgcaag ttcaccctca gaaggtgacc aagttcatge tgtgtgectgg 2520
acgctggaca gggggcaaaa gcacctgctce gggtgattcect gggggcccac ttgtctgtaa 2580
tggtgtgctt caaggtatca cgtcatgggg cagtgaacca tgtgccctge ccgaaaggcce 2640
ttccctgtac accaaggtgg tgcattaccg gaagtggatc aaggacacca tcgtggccaa 2700
ccecggatcee cagaccctga actttgatct gctgaaactg gcaggcgatg tggaaagcaa 2760
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cccaggecca atggcaagceg cgcgcecgecce gegetggetyg tgegetgggyg cgetggtget 2820
ggcgggtgge ttetttectee tecggecttect cttegggtgg tttataaaat cctceccaatga 2880
agctactaac attactccaa agcataatat gaaagcattt ttggatgaat tgaaagctga 2940
gaacatcaag aagttcttat ataattttac acagatacca catttagcag gaacagaaca 3000
aaactttcag cttgcaaagc aaattcaatc ccagtggaaa gaatttggcce tggattctgt 3060
tgagctggca cattatgatg tcecctgttgtce ctacccaaat aagactcatc ccaactacat 3120
ctcaataatt aatgaagatg gaaatgagat tttcaacaca tcattatttg aaccacctcc 3180
tccaggatat gaaaatgttt cggatattgt accacctttc agtgctttet ctectcaagg 3240
aatgccagag ggcgatctag tgtatgttaa ctatgcacga actgaagact tctttaaatt 3300
ggaacgggac atgaaaatca attgctctgg gaaaattgta attgccagat atgggaaagt 3360
tttcagagga aataaggtta aaaatgccca gctggcaggg gccaaaggag tcattctcta 3420
ctccgaccct getgactact ttgctectgg ggtgaagtcece tatccagatg gttggaatct 3480
tcetggaggt ggtgtccage gtggaaatat cctaaatctg aatggtgcag gagaccctcet 3540
cacaccaggt tacccagcaa atgaatatgc ttataggcgt ggaattgcag aggctgttgg 3600
tcttccaagt attcectgtte atccaattgg atactatgat gcacagaagce tcctagaaaa 3660
aatgggtggce tcagcaccac cagatagcag ctggagagga agtctcaaag tgccctacaa 3720
tgttggacct ggctttactyg gaaacttttc tacacaaaaa gtcaagatgc acatccactc 3780
taccaatgaa gtgacaagaa tttacaatgt gataggtact ctcagaggag cagtggaacc 3840
agacagatat gtcattctgg gaggtcaccg ggactcatgg gtgtttggtg gtattgaccce 3900
tcagagtgga gcagctgttg ttcatgaaat tgtgaggagc tttggaacac tgaaaaagga 3960
agggtggaga cctagaagaa caattttgtt tgcaagctgg gatgcagaag aatttggtct 4020
tcttggttet actgagtggg cagaggagaa ttcaagactc cttcaagagce gtggcegtggce 4080
ttatattaat gctgactcat ctatagaagg aaactacact ctgagagttg attgtacacc 4140
gctgatgtac agecttggtac acaacctaac aaaagagctg aaaagccctg atgaaggcett 4200
tgaaggcaaa tctctttatg aaagttggac taaaaaaagt ccttccccag agttcagtgg 4260
catgcccagg ataagcaaat tgggatctgg aaatgatttt gaggtgttct tceccaacgact 4320
tggaattgct tcaggcagag cacggtatac taaaaattgg gaaacaaaca aattcagcgg 4380
ctatccactg tatcacagtg tctatgaaac atatgagttg gtggaaaagt tttatgatcc 4440
aatgtttaaa tatcacctca ctgtggccca ggttcgagga gggatggtgt ttgagctggce 4500
caattccata gtgctccectt ttgattgtcg agattatgect gtagttttaa gaaagtatgc 4560
tgacaaaatc tacagtattt ctatgaaaca tccacaggaa atgaagacat acagtgtatc 4620
atttgattca cttttttcetg cagtaaagaa ttttacagaa attgcttcca agttcagtga 4680
gagactccag gactttgaca aaagcaaccc aatagtatta agaatgatga atgatcaact 4740
catgtttctg gaaagagcat ttattgatcc attagggtta ccagacaggc ctttttatag 4800
gcatgtcatc tatgctccaa gcagccacaa caagtatgca ggggagtcat tcccaggaat 4860
ttatgatgct ctgtttgata ttgaaagcaa agtggaccct tccaaggcct ggggagaagt 4920
gaagagacag atttatgttg cagccttcac agtgcaggca gctgcagaga ctttgagtga 4980
agtagcctaa agatctgacc ccctaacgtt actggccgaa geccgcttgga ataaggccgg 5040
tgtgcgtttg tctatatgtt attttccace atattgeegt cttttggcaa tgtgagggcece 5100
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cggaaacctg geccctgtett cttgacgage attecctaggg gtctttceccece tetcecgccaaa 5160
ggaatgcaag gtctgttgaa tgtcgtgaag gaagcagttc ctctggaagc ttcttgaaga 5220
caaacaacgt ctgtagcgac cctttgcagg cagcggaacce ccccacctgyg cgacaggtge 5280
ctetgeggee aaaagcecacg tgtataagat acacctgcaa aggcggcaca accccagtge 5340
cacgttgtga gttggatagt tgtggaaaga gtcaaatggc tctcctcaag cgtattcaac 5400
aaggggctga aggatgccca gaaggtaccce cattgtatgg gatctgatct ggggectegg 5460
tgcacatgct ttacatgtgt ttagtcgagg ttaaaaaacg tctaggcccce ccgaaccacg 5520
gggacgtggt tttcctttga aaaacacgat gataatatgg ccagcaaggc tgtgctgcett 5580
gccetgttga tggcaggcett ggecctgcag ccaggcactg ccctgcetgtg ctactcectge 5640
aaagcccagg tgagcaacga ggactgectg caggtggaga actgcaccca gctgggggag 5700
cagtgctgga ccgcgcgcecat ccgcgcagtt ggectcecctga ccgtcatcag caaaggctgce 5760
agcttgaact gcgtggatga ctcacaggac tactacgtgg gcaagaagaa catcacgtgce 5820
tgtgacaccg acttgtgcaa cgccageggg geccatgece tgcagccgge tgccgecate 5880
cttgcgetge teccctgcact cggectgcectg ctetggggac ccggccaget atagggatct 5940
gggccctaac aaaacaaaaa gatggggtta ttccctaaac ttcatgggtt acgtaattgg 6000
aagttggggg acattgccac aagatcatat tgtacaaaag atcaaacact gttttagaaa 6060
acttcctgta aacaggccta ttgattggaa agtatgtcaa aggattgtgg gtcecttttggg 6120
ctttgctget ccatttacac aatgtggata tcctgcctta atgcctttgt atgcatgtat 6180
acaagctaaa caggctttca ctttctecgce aacttacaag gectttctaa gtaaacagta 6240
catgaacctt taccccgttg ctecggcaacg gcectggtetg tgccaagtgt ttgctgacgce 6300
aacccccact ggctggggcet tggccatagg ccatcagege atgcgtggaa cctttgtggce 6360
tcetetgeeg atccatactyg cggaactcect agececgettgt tttgctcecgeca gecggtetgg 6420
agcaaagctc ataggaactg acaattctgt cgteccteteg cggaaatata catcgtttceg 6480
atctacgtat gatctttttc cctctgccaa aaattatggg gacatcatga agccccttga 6540
gcatctgact tctggctaat aaaggaaatt tattttcatt gcaatagtgt gttggaattt 6600
tttgtgtcte tcactcggaa ggaattctge attaatgaat cggccaacgce gceggggagag 6660
gcggtttgeg tattgggcecge tctteccgett ccectcegetcac tgactegetg cgeteggteg 6720
tteggetgeg gegageggta tcagctcact caaaggcecggt aatacggtta tccacagaat 6780
caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta 6840
aaaaggccgce gttgctggeg tttttecata ggctceccgece cecctgacgag catcacaaaa 6900
atcgacgctce aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce 6960
ccectggaag cteectegtyg cgetcetectg ttecgaccect gecgecttace ggatacctgt 7020
ccgectttet cectteggga agegtggcege tttetcatag ctcacgcectgt aggtatctca 7080
gttcggtgta ggtcgttcecge tccaagetgg getgtgtgca cgaacccceccce gttcageccy 7140
accgctgege cttatccggt aactatcgte ttgagtccaa cccggtaaga cacgacttat 7200
cgccactggce agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta 7260
cagagttctt gaagtggtgg cctaactacg gctacactag aagaacagta tttggtatct 7320
gcgetetget gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac 7380
aaaccaccgce tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa 7440
aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa 7500
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actcacgtta

taaattaaaa

gttaccaatg

tagttgeetyg

agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt

atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca

cttaatcagt gaggcaccta tctcagegat ctgtctattt cgttcatcca

actce

<210> SEQ ID NO 34
<211> LENGTH: 7182

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 34

ggcgtaatge

agcatcaaat

agcegtttet

tggtatcggt

tcaaaaataa

ggcaaaagct

tcaaaatcac

aatacgcgat

aacactgcca

aatgctgttt

aaatgcttga

tctgtaacat

ggcttecccat

ttatacccat

tccegttgaa

acaatattgg

ttggctcatg

aatcaattac

cggtaaatgg

cgtatgttee

tacggtaaac

ttgacgtcaa

actttcctac

tttggcagta

accccattga

gtcgtaataa

atataagcag

ttgacctcca

gaacgcggat

actctecagyg

tctgecagty

gaaactgcaa

gtaatgaagg

ctgcgattee

ggttatcaag

tatgcattte

tcgcatcaac

cgctgttaaa

gegeatcaac

tcceggggat

tggtcggaag

cattggcaac

acaatcgata

ataaatcagc

tatggctcat

ctattggeca

tccaatatga

ggggtcatta

ccegectgge

catagtaacg

tgcccacttyg

tgacggtaaa

ttggcagtac

caccaatggg

cgtcaatggyg

ccecegecaeyg

agctegttta

tagaagacac

tcceegtgee

gtgggectgg

ttacaaccaa

tttattcata

agaaaactca

gactcgteca

tgagaaatca

tttccagact

caaaccgtta

aggacaatta

aatattttca

cgcagtggtg

aggcataaat

gctaccttty

gattgtcgca

atccatgttg

aacacccctt

ttgcatacgt

ccgecatgtt

gttcatagce

tgaccgeeca

ccaataggga

gcagtacatc

tggccegect

atctacgtat

cgtggatage

agtttgtttt

ttgacgcaaa

gtgaaccgte

cgggaccgat

aagagtgact

cttecccagt

ttaaccaatt

tcaggattat

ccgaggcagt

acatcaatac

ccatgagtga

tgttcaacag

ttcattegty

caaacaggaa

cctgaatcag

agtaaccatg

tcegtecagee

ccatgtttca

cctgattgee

gaatttaatc

gtattactgt

tgtatctata

gacattgatt

catatatgga

acgaccceeg

ctttceattyg

aagtgtatca

ggcattatge

tagtcatcge

ggtttgacte

ggcaccaaaa

tgggeggtag

agatcgectyg

ccagecteeg

caccgteegyg

caagactcca

Synthetic Construct

ctgattagaa

caataccata

tccataggat

aacctattaa

cgactgaatce

gccagecatt

attgcgectyg

tcaaatgcaa

gatattctte

catcatcagg

agtttagtct

gaaacaactc

cgacattatce

geggectega

ttatgtaagce

tcataatatg

attgactagt

gtteegegtt

cccattgacy

acgtcaatgg

tatgccaagt

ccagtacatg

tattaccatg

acggggattt

tcaacgggac

gegtgtacgg

gagacgccat

cggccgggaa

atctcagcaa

gggatttgag

aaactcatcg

tttttgaaaa

ggcaagatce

ttteccectey

cggtgagaat

acgctegtea

agcgagacga

ccggcgcagyg

taatacctgg

agtacggata

gaccatctca

tggcgcateg

gegageccat

gcaagacgtt

agacaggtcg

tacatttata

tattaatagt

acataactta

tcaataatga

gtggagtatt

cecgeccecta

accttacggyg

gtgatgcggt

ccaagtctee

tttccaaaat

tgggaggtct

ccacgetgtt

cggtgeattyg

gcaggtatgt

ggacgctgtg

7560

7620

7680

7694

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcattgtgg gaggctggga gtgcgagaag cattcccaac cctggcaggt 2040
gcttgtggee tcetegtggca gggcagtetg cggceggtgtt ctggtgcacce cccagtgggt 2100
cctcacagcet geccactgca tcaggaacaa aagcgtgatce ttgctgggtce ggcacagcett 2160
gtttcatcct gaagacacag gccaggtatt tcaggtcagce cacagcttcce cacacccgcet 2220
ctacgatatg agcctcctga agaatcgatt cctcaggcca ggtgatgact ccagccacga 2280
cctcatgetg ctcecegectgt cagagcectge cgagctcacg gatgctgtga aggtcatgga 2340
cctgeccace caggagecag cactggggac cacctgctac gectcagget ggggcagcat 2400
tgaaccagag gagttcttga ccccaaagaa acttcagtgt gtggacctcce atgttatttce 2460
caatgacgtg tgtgcgcaag ttcaccctca gaaggtgacc aagttcatge tgtgtgectgg 2520
acgctggaca gggggcaaaa gcacctgctce gggtgattcect gggggcccac ttgtctgtaa 2580
tggtgtgctt caaggtatca cgtcatgggg cagtgaacca tgtgccctge ccgaaaggcce 2640
ttccctgtac accaaggtgg tgcattaccg gaagtggatc aaggacacca tcgtggccaa 2700
ccecggatcee cagaccctga actttgatct gctgaaactg gcaggcgatg tggaaagcaa 2760
cccaggecca atggcaagceg cgcgcecgecce gegetggetyg tgegetgggyg cgetggtget 2820
ggcgggtgge ttetttectee tecggecttect cttegggtgg tttataaaat cctceccaatga 2880
agctactaac attactccaa agcataatat gaaagcattt ttggatgaat tgaaagctga 2940
gaacatcaag aagttcttat ataattttac acagatacca catttagcag gaacagaaca 3000
aaactttcag cttgcaaagc aaattcaatc ccagtggaaa gaatttggcce tggattctgt 3060
tgagctggca cattatgatg tcecctgttgtce ctacccaaat aagactcatc ccaactacat 3120
ctcaataatt aatgaagatg gaaatgagat tttcaacaca tcattatttg aaccacctcc 3180
tccaggatat gaaaatgttt cggatattgt accacctttc agtgctttet ctectcaagg 3240
aatgccagag ggcgatctag tgtatgttaa ctatgcacga actgaagact tctttaaatt 3300
ggaacgggac atgaaaatca attgctctgg gaaaattgta attgccagat atgggaaagt 3360
tttcagagga aataaggtta aaaatgccca gctggcaggg gccaaaggag tcattctcta 3420
ctccgaccct getgactact ttgctectgg ggtgaagtcece tatccagatg gttggaatct 3480
tcetggaggt ggtgtccage gtggaaatat cctaaatctg aatggtgcag gagaccctcet 3540
cacaccaggt tacccagcaa atgaatatgc ttataggcgt ggaattgcag aggctgttgg 3600
tcttccaagt attcectgtte atccaattgg atactatgat gcacagaagce tcctagaaaa 3660
aatgggtggce tcagcaccac cagatagcag ctggagagga agtctcaaag tgccctacaa 3720
tgttggacct ggctttactyg gaaacttttc tacacaaaaa gtcaagatgc acatccactc 3780
taccaatgaa gtgacaagaa tttacaatgt gataggtact ctcagaggag cagtggaacc 3840
agacagatat gtcattctgg gaggtcaccg ggactcatgg gtgtttggtg gtattgaccce 3900
tcagagtgga gcagctgttg ttcatgaaat tgtgaggagc tttggaacac tgaaaaagga 3960
agggtggaga cctagaagaa caattttgtt tgcaagctgg gatgcagaag aatttggtct 4020
tcttggttet actgagtggg cagaggagaa ttcaagactc cttcaagagce gtggcegtggce 4080
ttatattaat gctgactcat ctatagaagg aaactacact ctgagagttg attgtacacc 4140
gctgatgtac agecttggtac acaacctaac aaaagagctg aaaagccctg atgaaggcett 4200
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tgaaggcaaa tctctttatg aaagttggac taaaaaaagt ccttccccag agttcagtgg 4260
catgcccagg ataagcaaat tgggatctgg aaatgatttt gaggtgttct tceccaacgact 4320
tggaattgct tcaggcagag cacggtatac taaaaattgg gaaacaaaca aattcagcgg 4380
ctatccactg tatcacagtg tctatgaaac atatgagttg gtggaaaagt tttatgatcc 4440
aatgtttaaa tatcacctca ctgtggccca ggttcgagga gggatggtgt ttgagctggce 4500
caattccata gtgctccectt ttgattgtcg agattatgect gtagttttaa gaaagtatgc 4560
tgacaaaatc tacagtattt ctatgaaaca tccacaggaa atgaagacat acagtgtatc 4620
atttgattca cttttttcetg cagtaaagaa ttttacagaa attgcttcca agttcagtga 4680
gagactccag gactttgaca aaagcaaccc aatagtatta agaatgatga atgatcaact 4740
catgtttctg gaaagagcat ttattgatcc attagggtta ccagacaggc ctttttatag 4800
gcatgtcatc tatgctccaa gcagccacaa caagtatgca ggggagtcat tcccaggaat 4860
ttatgatgct ctgtttgata ttgaaagcaa agtggaccct tccaaggcct ggggagaagt 4920
gaagagacag atttatgttg cagccttcac agtgcaggca gctgcagaga ctttgagtga 4980
agtagccgga tccgaaggta ggggttcatt attgacctgt ggagatgtcg aagaaaaccce 5040
aggacccgca agcaaggcetg tgctgcttge cctgttgatg gcaggcttgg cectgcagcece 5100
aggcactgcce ctgctgtget actcctgcaa agcccaggtg agcaacgagg actgcectgca 5160
ggtggagaac tgcacccagce tgggggagca gtgctggacce gegegcatcce gegeagttgg 5220
cctectgace gtcatcagca aaggctgcag cttgaactgce gtggatgact cacaggacta 5280
ctacgtggge aagaagaaca tcacgtgetg tgacaccgac ttgtgcaacyg ccagegggge 5340
ccatgcectg cagcecggetyg ccgccatcect tgegectgete cctgcacteg gectgctget 5400
ctggggaccce ggccagctat agagatctgg gccctaacaa aacaaaaaga tggggttatt 5460
ccctaaactt catgggttac gtaattggaa gttgggggac attgccacaa gatcatattg 5520
tacaaaagat caaacactgt tttagaaaac ttcctgtaaa caggcctatt gattggaaag 5580
tatgtcaaag gattgtgggt cttttgggct ttgctgctcecc atttacacaa tgtggatatc 5640
ctgccttaat gectttgtat gcatgtatac aagctaaaca ggctttcact ttctcgeccaa 5700
cttacaaggc ctttctaagt aaacagtaca tgaaccttta ccccgttget cggcaacggce 5760
ctggtctgtg ccaagtgttt gctgacgcaa cccccactgg ctggggcttg gecataggcece 5820
atcagcgcat gecgtggaacc tttgtggcte ctectgccgat ccatactgeg gaactcectag 5880
ccgcttgttt tgctecgcage cggtcectggag caaagctcat aggaactgac aattctgtceg 5940
tcetetegeg gaaatataca tegtttegat ctacgtatga tetttttceece tetgccaaaa 6000
attatgggga catcatgaag ccccttgagce atctgacttce tggctaataa aggaaattta 6060
ttttcattgc aatagtgtgt tggaattttt tgtgtctcectc actcggaagg aattctgcat 6120
taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggcgcte tteccgcttcece 6180
tcgctcactg actcegectgeg cteggtegtt cggetgegge gagcggtatce agctcactca 6240
aaggcggtaa tacggttatc cacagaatca ggggataacyg caggaaagaa catgtgagca 6300
aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt tttceccatagg 6360
cteegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg 6420
acaggactat aaagatacca ggcgtttcce cctggaaget cecctegtgeg ctetectgtt 6480
ccgacccectge cgcttaccgg atacctgtcee gectttetece cttecgggaag cgtggegett 6540
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tctcataget cacgctgtag gtatctcagt tcggtgtagg tegttegcte caagetgggce 6600
tgtgtgcacg aacccccegt tcagcecccgac cgcetgcgect tatccggtaa ctatcegtcett 6660
gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 6720
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce taactacggce 6780
tacactagaa gaacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa 6840
agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 6900
tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttcet 6960
acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 7020
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 7080
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 7140
tcagcgatct gtctattteg ttcatccata gttgcctgac tce 7182
<210> SEQ ID NO 35
<211> LENGTH: 7182
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 35
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
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accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcattgtgg gaggctggga gtgcgagaag cattcccaac cctggcaggt 2040
gcttgtggee tcetegtggca gggcagtetg cggceggtgtt ctggtgcacce cccagtgggt 2100
cctcacagcet geccactgca tcaggaacaa aagcgtgatce ttgctgggtce ggcacagcett 2160
gtttcatcct gaagacacag gccaggtatt tcaggtcagce cacagcttcce cacacccgcet 2220
ctacgatatg agcctcctga agaatcgatt cctcaggcca ggtgatgact ccagccacga 2280
cctcatgetg ctcecegectgt cagagcectge cgagctcacg gatgctgtga aggtcatgga 2340
cctgeccace caggagecag cactggggac cacctgctac gectcagget ggggcagcat 2400
tgaaccagag gagttcttga ccccaaagaa acttcagtgt gtggacctcce atgttatttce 2460
caatgacgtg tgtgcgcaag ttcaccctca gaaggtgacc aagttcatge tgtgtgectgg 2520
acgctggaca gggggcaaaa gcacctgctce gggtgattcect gggggcccac ttgtctgtaa 2580
tggtgtgctt caaggtatca cgtcatgggg cagtgaacca tgtgccctge ccgaaaggcce 2640
ttccctgtac accaaggtgg tgcattaccg gaagtggatc aaggacacca tcgtggccaa 2700
ccecggatcee gaaggtaggg gttcattatt gacctgtgga gatgtcgaag aaaacccagg 2760
acccgctage aaggctgtge tgcttgeccct gttgatggca ggcttggcece tgcagccagg 2820
cactgcectg ctgtgctact cctgcaaagce ccaggtgagce aacgaggact gectgcaggt 2880
ggagaactgce acccagctgg gggagcagtg ctggaccgeg cgcatccgeg cagttggect 2940
cctgaccgte atcagcaaag gctgcagctt gaactgegtg gatgactcac aggactacta 3000
cgtgggcaag aagaacatca cgtgctgtga caccgacttyg tgcaacgcca gcggggecca 3060
tgccctgecag cecggcectgeeg ccatcecttge gcectgecteect gecacteggece tgctgctcetg 3120
gggacccgge cagctaggat cccagaccct gaactttgat ctgctgaaac tggcaggcga 3180
tgtggaaagc aacccaggcc caatggcaag cgegegecge ccegegetgge tgtgegetgg 3240
ggcgectggtyg ctggegggtg gcecttetttet ccteggette ctettegggt ggtttataaa 3300
atcctccaat gaagctacta acattactcc aaagcataat atgaaagcat ttttggatga 3360
attgaaagct gagaacatca agaagttctt atataatttt acacagatac cacatttagc 3420
aggaacagaa caaaactttc agcttgcaaa gcaaattcaa tcccagtgga aagaatttgg 3480
cctggattcet gttgagctgg cacattatga tgtcecctgttg tectacccaa ataagactca 3540
tcccaactac atctcaataa ttaatgaaga tggaaatgag attttcaaca catcattatt 3600
tgaaccacct cctccaggat atgaaaatgt ttcggatatt gtaccacctt tcagtgettt 3660
ctctectcaa ggaatgccag agggcgatct agtgtatgtt aactatgcac gaactgaaga 3720
cttctttaaa ttggaacggg acatgaaaat caattgctct gggaaaattg taattgccag 3780



295

US 9,468,672 B2

296

-continued
atatgggaaa gttttcagag gaaataaggt taaaaatgcc cagctggcag gggccaaagg 3840
agtcattctce tactccgacc ctgctgacta ctttgctect ggggtgaagt cctatccaga 3900
tggttggaat cttcctggag gtggtgtcca gcgtggaaat atcctaaatc tgaatggtgce 3960
aggagaccct ctcacaccag gttacccage aaatgaatat gecttataggce gtggaattgce 4020
agaggctgtt ggtcttccaa gtattcctgt tcatccaatt ggatactatg atgcacagaa 4080
gctectagaa aaaatgggtyg gctcagcacce accagatage agctggagag gaagtctcaa 4140
agtgccctac aatgttggac ctggctttac tggaaacttt tctacacaaa aagtcaagat 4200
gcacatccac tctaccaatg aagtgacaag aatttacaat gtgataggta ctctcagagg 4260
agcagtggaa ccagacagat atgtcattct gggaggtcac cgggactcat gggtgtttgg 4320
tggtattgac cctcagagtyg gagcagctgt tgttcatgaa attgtgagga gctttggaac 4380
actgaaaaag gaagggtgga gacctagaag aacaattttg tttgcaagct gggatgcaga 4440
agaatttggt cttcttggtt ctactgagtg ggcagaggag aattcaagac tccttcaaga 4500
gcgtggegtyg gettatatta atgctgactce atctatagaa ggaaactaca ctctgagagt 4560
tgattgtaca ccgctgatgt acagcttggt acacaaccta acaaaagagc tgaaaagccce 4620
tgatgaaggc tttgaaggca aatctcttta tgaaagttgg actaaaaaaa gtccttccce 4680
agagttcagt ggcatgccca ggataagcaa attgggatct ggaaatgatt ttgaggtgtt 4740
cttccaacga cttggaattg cttcaggcag agcacggtat actaaaaatt gggaaacaaa 4800
caaattcagc ggctatccac tgtatcacag tgtctatgaa acatatgagt tggtggaaaa 4860
gttttatgat ccaatgttta aatatcacct cactgtggcc caggttcgag gagggatggt 4920
gtttgagctyg gccaattcca tagtgcteccce ttttgattgt cgagattatg ctgtagtttt 4980
aagaaagtat gctgacaaaa tctacagtat ttctatgaaa catccacagg aaatgaagac 5040
atacagtgta tcatttgatt cacttttttc tgcagtaaag aattttacag aaattgcttc 5100
caagttcagt gagagactcc aggactttga caaaagcaac ccaatagtat taagaatgat 5160
gaatgatcaa ctcatgtttc tggaaagagc atttattgat ccattagggt taccagacag 5220
gcctttttat aggcatgtca tctatgctcecce aagcagccac aacaagtatg caggggagtce 5280
attcccagga atttatgatg ctectgtttga tattgaaagc aaagtggacc cttccaaggce 5340
ctggggagaa gtgaagagac agatttatgt tgcagccttc acagtgcagg cagctgcaga 5400
gactttgagt gaagtagcct aaagatctgg gccctaacaa aacaaaaaga tggggttatt 5460
ccctaaactt catgggttac gtaattggaa gttgggggac attgccacaa gatcatattg 5520
tacaaaagat caaacactgt tttagaaaac ttcctgtaaa caggcctatt gattggaaag 5580
tatgtcaaag gattgtgggt cttttgggct ttgctgctcecc atttacacaa tgtggatatc 5640
ctgccttaat gectttgtat gcatgtatac aagctaaaca ggctttcact ttctcgeccaa 5700
cttacaaggc ctttctaagt aaacagtaca tgaaccttta ccccgttget cggcaacggce 5760
ctggtctgtg ccaagtgttt gctgacgcaa cccccactgg ctggggcttg gecataggcece 5820
atcagcgcat gecgtggaacc tttgtggcte ctectgccgat ccatactgeg gaactcectag 5880
ccgcttgttt tgctecgcage cggtcectggag caaagctcat aggaactgac aattctgtceg 5940
tcetetegeg gaaatataca tegtttegat ctacgtatga tetttttceece tetgccaaaa 6000
attatgggga catcatgaag ccccttgagce atctgacttce tggctaataa aggaaattta 6060
ttttcattgc aatagtgtgt tggaattttt tgtgtctcectc actcggaagg aattctgcat 6120
taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggcgcte tteccgcttcece 6180
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tcgctcactg actcegectgeg cteggtegtt cggetgegge gagcggtatce agctcactca 6240
aaggcggtaa tacggttatc cacagaatca ggggataacyg caggaaagaa catgtgagca 6300
aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt tttceccatagg 6360
cteegeccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg 6420
acaggactat aaagatacca ggcgtttcce cctggaaget cecctegtgeg ctetectgtt 6480
ccgacccectge cgcttaccgg atacctgtcee gectttetece cttecgggaag cgtggegett 6540
tctcataget cacgctgtag gtatctcagt tcggtgtagg tegttegcte caagetgggce 6600
tgtgtgcacg aacccccegt tcagcecccgac cgcetgcgect tatccggtaa ctatcegtcett 6660
gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 6720
agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcce taactacggce 6780
tacactagaa gaacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa 6840
agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 6900
tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttcet 6960
acggggtctg acgctcagtyg gaacgaaaac tcacgttaag ggattttggt catgagatta 7020
tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 7080
agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc 7140
tcagcgatct gtctattteg ttcatccata gttgcctgac tce 7182
<210> SEQ ID NO 36
<211> LENGTH: 7694
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 36
ggcgtaatge tctgccagtyg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 60
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 120
agccegtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatce 180
tggtatcggt ctgcgattcce gactcgtcca acatcaatac aacctattaa tttecccteg 240
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 300
ggcaaaagct tatgcattte tttccagact tgttcaacag gecagcecatt acgctcgtca 360
tcaaaatcac tcgcatcaac caaaccgtta ttcattcegtyg attgcgectyg agcgagacga 420
aatacgcgat cgctgttaaa aggacaatta caaacaggaa tcaaatgcaa ccggcgcagg 480
aacactgcca gcgcatcaac aatattttca cctgaatcag gatattctte taatacctgg 540
aatgctgttt tcceggggat cgcagtggtg agtaaccatg catcatcagyg agtacggata 600
aaatgcttga tggtcggaag aggcataaat tccgtcagec agtttagtcet gaccatctca 660
tctgtaacat cattggcaac gctacctttg ccatgtttca gaaacaactc tggegcatcg 720
ggcttcccat acaatcgata gattgtcgca cctgattgece cgacattatc gegagcccat 780
ttatacccat ataaatcagc atccatgttg gaatttaatc geggectcega gcaagacgtt 840
tcecegttgaa tatggetcat aacaccectt gtattactgt ttatgtaage agacaggtcg 900
acaatattgg ctattggcca ttgcatacgt tgtatctata tcataatatg tacatttata 960
ttggctcatg tccaatatga ccgccatgtt gacattgatt attgactagt tattaatagt 1020
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aatcaattac ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta 1080
cggtaaatgg cccgectgge tgaccgecca acgaccceeg cccattgacyg tcaataatga 1140
cgtatgttce catagtaacg ccaataggga ctttccattg acgtcaatgg gtggagtatt 1200
tacggtaaac tgcccacttg gcagtacatc aagtgtatca tatgccaagt ccgcccccta 1260
ttgacgtcaa tgacggtaaa tggcccgcct ggcattatge ccagtacatg accttacggg 1320
actttcctac ttggcagtac atctacgtat tagtcatcge tattaccatg gtgatgcggt 1380
tttggcagta caccaatggg cgtggatagc ggtttgactc acggggattt ccaagtctcce 1440
accccattga cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac tttccaaaat 1500
gtcgtaataa cccecgecceccceg ttgacgcaaa tgggcggtag gegtgtacgg tgggaggtcet 1560
atataagcag agctcgttta gtgaaccgtc agatcgectg gagacgccat ccacgctgtt 1620
ttgacctcca tagaagacac cgggaccgat ccagecteeg cggecgggaa cggtgcattg 1680
gaacgcggat tccceccgtgce aagagtgact caccgtccgg atctcagcaa gcaggtatgt 1740
actctccagg gtgggcctgg cttceccccagt caagactceca gggatttgag ggacgcetgtg 1800
ggctecttete ttacatgtac cttttgettg cctcaacccet gactatctte caggtcagga 1860
tceccagagte aggggtctgt attttectge tggtggetcecce agttcaggaa cagtaaaccce 1920
tgctccgaat attgecctete acatctegte aatctcececgeg aggactgggg accctgtgac 1980
gaacatggct agcaaggctg tgctgcttge cctgttgatg gcaggcttgg ccctgcagece 2040
aggcactgcce ctgctgtget actcctgcaa agcccaggtg agcaacgagg actgcectgca 2100
ggtggagaac tgcacccagce tgggggagca gtgctggacce gegegcatcce gegeagttgg 2160
cctectgace gtcatcagca aaggctgcag cttgaactgce gtggatgact cacaggacta 2220
ctacgtggge aagaagaaca tcacgtgetg tgacaccgac ttgtgcaacyg ccagegggge 2280
ccatgcectg cagcecggetyg ccgccatcect tgegectgete cctgcacteg gectgctget 2340
ctggggaccce ggccagctag gatcccagac cctgaacttt gatctgctga aactggcagg 2400
cgatgtggaa agcaacccag gcccaatgge aagegcegege cgeccgeget ggetgtgege 2460
tggggcgetyg gtgctggegyg gtggettcett tcetectegge ttectetteg ggtggtttat 2520
aaaatcctcc aatgaagcta ctaacattac tccaaagcat aatatgaaag catttttgga 2580
tgaattgaaa gctgagaaca tcaagaagtt cttatataat tttacacaga taccacattt 2640
agcaggaaca gaacaaaact ttcagcttgc aaagcaaatt caatcccagt ggaaagaatt 2700
tggcctggat tectgttgage tggcacatta tgatgtectg ttgtecctacce caaataagac 2760
tcatcccaac tacatctcaa taattaatga agatggaaat gagattttca acacatcatt 2820
atttgaacca cctcctceccag gatatgaaaa tgtttcggat attgtaccac ctttcagtgce 2880
tttctetect caaggaatgce cagagggcga tctagtgtat gttaactatg cacgaactga 2940
agacttcttt aaattggaac gggacatgaa aatcaattgc tctgggaaaa ttgtaattgc 3000
cagatatggg aaagttttca gaggaaataa ggttaaaaat gcccagctgg caggggccaa 3060
aggagtcatt ctctactccg accctgctga ctactttget cctggggtga agtcectatcce 3120
agatggttgg aatcttcctg gaggtggtgt ccagcgtgga aatatcctaa atctgaatgg 3180
tgcaggagac cctctcacac caggttaccce agcaaatgaa tatgcttata ggcgtggaat 3240
tgcagaggct gttggtcttce caagtattce tgttcatcca attggatact atgatgcaca 3300
gaagctcecta gaaaaaatgg gtggctcage accaccagat agcagctgga gaggaagtet 3360
caaagtgccce tacaatgttg gacctggctt tactggaaac ttttctacac aaaaagtcaa 3420
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gatgcacatc cactctacca atgaagtgac aagaatttac aatgtgatag gtactctcag 3480
aggagcagtg gaaccagaca gatatgtcat tctgggaggt caccgggact catgggtgtt 3540
tggtggtatt gaccctcaga gtggagcagce tgttgttcat gaaattgtga ggagctttgg 3600
aacactgaaa aaggaagggdt ggagacctag aagaacaatt ttgtttgcaa gctgggatgc 3660
agaagaattt ggtcttcttg gttctactga gtgggcagag gagaattcaa gactccttca 3720
agagcgtggce gtggcttata ttaatgctga ctcatctata gaaggaaact acactctgag 3780
agttgattgt acaccgctga tgtacagctt ggtacacaac ctaacaaaag agctgaaaag 3840
ccetgatgaa ggctttgaag gcaaatctct ttatgaaagt tggactaaaa aaagtcecttce 3900
cccagagttce agtggcatgce ccaggataag caaattggga tctggaaatg attttgaggt 3960
gttcttccaa cgacttggaa ttgcttcagg cagagcacgg tatactaaaa attgggaaac 4020
aaacaaattc agcggctatc cactgtatca cagtgtctat gaaacatatg agttggtgga 4080
aaagttttat gatccaatgt ttaaatatca cctcactgtg gcccaggttce gaggagggat 4140
ggtgtttgag ctggccaatt ccatagtgct cccttttgat tgtcgagatt atgctgtagt 4200
tttaagaaag tatgctgaca aaatctacag tatttctatg aaacatccac aggaaatgaa 4260
gacatacagt gtatcatttg attcactttt ttctgcagta aagaatttta cagaaattgce 4320
ttccaagttc agtgagagac tccaggactt tgacaaaagc aacccaatag tattaagaat 4380
gatgaatgat caactcatgt ttctggaaag agcatttatt gatccattag ggttaccaga 4440
caggcctttt tataggcatg tcatctatgce tccaagcagce cacaacaagt atgcagggga 4500
gtcattccca ggaatttatg atgctctgtt tgatattgaa agcaaagtgg acccttcecaa 4560
ggcctgggga gaagtgaaga gacagattta tgttgcagec ttcacagtgc aggcagcetge 4620
agagactttg agtgaagtag cctaaagatc tgaccccecta acgttactgg ccgaagccgce 4680
ttggaataag gccggtgtge gtttgtctat atgttatttt ccaccatatt gecgtetttt 4740
ggcaatgtga gggcccggaa acctggecct gtcttecttga cgagcattcecce taggggtett 4800
tcececteteg ccaaaggaat gcaaggtctg ttgaatgteg tgaaggaagce agttectcetg 4860
gaagcttcett gaagacaaac aacgtctgta gcgacccttt gcaggcagcg gaaccccececa 4920
cctggegaca ggtgectetyg cggccaaaag ccacgtgtat aagatacacce tgcaaaggcg 4980
gcacaaccece agtgccacgt tgtgagttgg atagttgtgg aaagagtcaa atggctctcece 5040
tcaagcgtat tcaacaaggg gctgaaggat gcccagaagg taccccattg tatgggatct 5100
gatctgggge ctecggtgcac atgctttaca tgtgtttagt cgaggttaaa aaacgtctag 5160
gcceeccgaa ccacggggac gtggttttece tttgaaaaac acgatgataa tatggccage 5220
attgtgggag gctgggagtyg cgagaagcat tcccaaccct ggcaggtget tgtggcectcet 5280
cgtggcaggg cagtctgegg cggtgttctg gtgcacccece agtgggtcect cacagctgece 5340
cactgcatca ggaacaaaag cgtgatcttg ctgggtcggce acagcttgtt tcatcctgaa 5400
gacacaggcc aggtatttca ggtcagccac agcttcccac acccgctcta cgatatgage 5460
ctcctgaaga atcgattect caggccaggt gatgactcecca geccacgacct catgcetgcetce 5520
cgectgtcag agcectgccga getcacggat gctgtgaagg tcatggacct geccacccag 5580
gagccagcac tggggaccac ctgctacgcec tcaggetggg gcagcattga accagaggag 5640
ttcttgacce caaagaaact tcagtgtgtg gacctccatg ttatttccaa tgacgtgtgt 5700
gcgcaagtte accctcagaa ggtgaccaag ttcatgctgt gtgctggacg ctggacaggyg 5760
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ggcaaaagca

ggtatcacgt

aaggtggtgc

gggccctaac

aagttggggyg

acttcectgta

ctttgetget

acaagctaaa

catgaacctt

aacccccact

tecctetgeceyg

agcaaagctce

atctacgtat

gcatctgact

tttgtgtete

geggtttgeg

tteggetgeg

caggggataa

aaaaggccge

atcgacgetce

ccectggaag

cecgectttet

gttcggtgta

accgctgege

cgccactgge

cagagttett

gegetetget

aaaccaccgc

aaggatctca

actcacgtta

taaattaaaa

gttaccaatg

tagttgeetyg

cectgetegygy
catggggcag
attaccggaa
aaaacaaaaa
acattgccac
aacaggccta
ccatttacac
caggctttca
tacccegttyg
ggetgggget
atccatactg
ataggaactg
gatcttttte
tctggetaat
tcactcggaa
tattgggege
gegageggta
cgcaggaaag
gttgctggeg
aagtcagagg
ctcectegty
cecctteggga
ggtegttege
cttatceggt
agcagccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt

actce

<210> SEQ ID NO 37
<211> LENGTH: 8461

<212> TYPE:

DNA

tgattctggyg
tgaaccatgt
gtggatcaag
gatggggtta
aagatcatat
ttgattggaa
aatgtggata
ctttetegee
ctcggcaacy
tggccatagyg
cggaactect
acaattctgt
cctetgecaa
aaaggaaatt
ggaattctge
tetteegett
tcagctcact
aacatgtgag
tttttccata
tggcgaaacc
cgctetectyg
agcgtggege
tccaagetygyg
aactatcgte
ggtaacagga
cctaactacyg
acctteggaa
ggttttttty
ttgatctttt
gtcatgagat
aaatcaatct

gaggcaccta

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 37

ggcccactty

geectgecey

gacaccatcg

ttccectaaac

tgtacaaaag

agtatgtcaa

tcctgectta

aacttacaag

gectggtety

ccatcagege

agccgettgt

cgtecteteg

aaattatggg

tattttcatt

attaatgaat

cctegeteac

caaaggcggt

caaaaggcca

ggctcegece

cgacaggact

ttcecgacect

tttctcatag

getgtgtgea

ttgagtccaa

ttagcagagc

gctacactag

aaagagttgg

tttgcaagca

ctacggggte

tatcaaaaag

aaagtatata

tctcagegat

tctgtaatgg tgtgcttcaa

aaaggcctte cctgtacace

tggccaacce ctgaggatct

ttcatgggtt acgtaattgg

atcaaacact gttttagaaa

aggattgtgg gtcttttggy

atgcctttgt atgcatgtat

gectttectaa gtaaacagta

tgccaagtgt ttgctgacge

atgcgtggaa cctttgtgge

tttgctcegeca geeggtetygy

cggaaatata catcgttteg

gacatcatga agccccttga

gcaatagtgt gttggaattt

cggecaacge geggggagag

tgactecgetyg cgeteggteg

aatacggtta tccacagaat

gcaaaaggcce aggaaccgta

ccctgacgag catcacaaaa

ataaagatac caggcgtttce

geegettace ggatacctgt

ctcacgetgt aggtatctca

cgaacccece gttcagecceyg

cccggtaaga cacgacttat

gaggtatgta ggcggtgcta

aagaacagta tttggtatct

tagctcecttga tccggcaaac

gcagattacg cgcagaaaaa

tgacgctcag tggaacgaaa

gatcttcace tagatccttt

tgagtaaact tggtctgaca

ctgtctattt cgttcatcca

Synthetic Construct

catcatcaat aatatacctt attttggatt gaagccaata tgataatgag ggggtggagt

ttgtgacgtg gcgceggggeg tgggaacggg gegggtgacg tagtagtgtg geggaagtgt

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7694

60

120
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gatgttgcaa gtgtggcgga acacatgtaa gcgacggatg tggcaaaagt gacgtttttg 180
gtgtgcegeeyg gtgtacacag gaagtgacaa ttttegegeg gttttaggeg gatgttgtag 240
taaatttggg cgtaaccgag taagatttgg ccattttege gggaaaactyg aataagagga 300
agtgaaatct gaataatttt gtgttactca tagcgcgtaa tactgtaata gtaatcaatt 360
acggggtcat tagttcatag cccatatatg gagttccgeg ttacataact tacggtaaat 420
ggeeccgectyg getgaccgee caacgacccee cgeccattga cgtcaataat gacgtatgtt 480
cccatagtaa cgccaatagg gacttteccat tgacgtcaat gggtggagta tttacggtaa 540
actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccee tattgacgte 600
aatgacggta aatggcccge ctggcattat geccagtaca tgaccttatg ggactttect 660
acttggcagt acatctacgt attagtcatc gectattacca tggtgatgeg gttttggcag 720
tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtcet ccaccccatt 780
gacgtcaatyg ggagtttgtt ttggcaccaa aatcaacggg actttccaaa atgtcgtaac 840
aactccgece cattgacgca aatgggeggt aggegtgtac ggtgggaggt ctatataage 900
agagctggtt tagtgaaccg tcagatccge tagagatcca ccatggctag cggtgecccg 960
acgttgcccce ctgcctggca gecctttcecte aaggaccacce gcatctctac attcaagaac 1020
tggcecttet tggagggetyg cgcctgecgcee ccggagcegga tggccgaggce tggcettcatce 1080
cactgcceccca ctgagaacga gccagacttg gcccagtgtt tettetgcett caaggagetg 1140
gaaggctggyg agccagatga cgaccccata gaggaacata aaaagcattc gtececggttge 1200
gctttecttt ctgtcaagaa gcagtttgaa gaattaaccce ttggtgaatt tttgaaactg 1260
gacagagaaa gagccaagaa caaaattgca aaggaaacca acaataagaa gaaagaattt 1320
gaggaaactyg cggagaaagt gcgccgtgcce atcgagcage tggctgecat ggattagaga 1380
tctgacccee taacgttact ggccgaagcce gcttggaata aggccggtgt gegtttgtcet 1440
atatgttatt ttccaccata ttgccgtctt ttggcaatgt gagggcccgg aaacctggcece 1500
ctgtcttett gacgagcatt cctaggggtce tttecccctet cgccaaagga atgcaaggtce 1560
tgttgaatgt cgtgaaggaa gcagttcctce tggaagcttc ttgaagacaa acaacgtctg 1620
tagcgaccct ttgcaggcag cggaaccccece cacctggega caggtgcecte tgcggcecaaa 1680
agccacgtgt ataagataca cctgcaaagg cggcacaacc ccagtgccac gttgtgagtt 1740
ggatagttgt ggaaagagtc aaatggctct cctcaagcgt attcaacaag gggctgaagg 1800
atgcccagaa ggtaccccat tgtatgggat ctgatctggg gectcggtge acatgcttta 1860
catgtgttta gtcgaggtta aaaaacgtct aggcccccecg aaccacgggg acgtggtttt 1920
cctttgaaaa acacgataat atggcggccg ctcgagecta agcttctaga taagatatcce 1980
gatccaccgg atctagataa ctgatcataa tcagccatac cacatttgta gaggttttac 2040
ttgctttaaa aaacctccca cacctcececcce tgaacctgaa acataaaatg aatgcaattg 2100
ttgttgttaa cttgtttatt gcagcttata atggttacaa ataaagcaat agcatcacaa 2160
atttcacaaa taaagcattt ttttcactgc attctagttg tggtttgtcc aaactcatca 2220
atgtatctta acgcggatct gggcgtggtt aagggtggga aagaatatat aaggtggggg 2280
tcttatgtag ttttgtatct gttttgcage agccgccgece gceccatgagca ccaactcegtt 2340
tgatggaagc attgtgagct catatttgac aacgcgcatg cccccatggg ccggggtgceg 2400
tcagaatgtg atgggctcca gcattgatgg tcgcccegte ctgcccgcaa actctactac 2460
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cttgacctac gagaccgtgt ctggaacgcce gttggagact gcagcctceg ccgecgette 2520
agccgcetgca geccaccgecece gegggattgt gactgacttt getttectga geccgcettge 2580
aagcagtgca gcttceccegtt catccgeccg cgatgacaag ttgacggcte ttttggcaca 2640
attggattct ttgacccggg aacttaatgt cgtttctcag cagctgttgg atctgcgeca 2700
gcaggtttet gccctgaagg cttectecce teccaatgeg gtttaaaaca taaataaaaa 2760
accagactct gtttggattt ggatcaagca agtgtcttge tgtctttatt taggggtttt 2820
gcgegegegyg taggceccggg accagcggte teggtegttg agggtcectgt gtatttttte 2880
caggacgtgg taaaggtgac tctggatgtt cagatacatg ggcataagcc cgtctcetggg 2940
gtggaggtag caccactgca gagcttcatg ctgcggggtyg gtgttgtaga tgatccagtce 3000
gtagcaggag cgctgggcgt ggtgcctaaa aatgtctttc agtagcaagc tgattgccag 3060
gggcaggccec ttggtgtaag tgtttacaaa gcggttaage tgggatgggt gcatacgtgg 3120
ggatatgaga tgcatcttgg actgtatttt taggttggct atgttcccag ccatatccect 3180
ccggggatte atgttgtgca gaaccaccag cacagtgtat ccggtgcact tgggaaattt 3240
gtcatgtagc ttagaaggaa atgcgtggaa gaacttggag acgcccttgt gacctccaag 3300
attttccatg cattcgtecca taatgatggce aatgggccca cgggcggcgg cctgggcgaa 3360
gatatttctg ggatcactaa cgtcatagtt gtgttccagg atgagatcgt cataggccat 3420
ttttacaaag cgcgggcgga gggtgccaga ctgcggtata atggttccat ccggceccagg 3480
ggcgtagtta ccctcacaga tttgcatttce ccacgectttg agttcagatg gggggatcat 3540
gtctacctge ggggcgatga agaaaacggt ttccggggta ggggagatca gctgggaaga 3600
aagcaggttc ctgagcagct gcgacttacce gcagccggtg ggcccgtaaa tcacacctat 3660
taccggcetge aactggtagt taagagagct gcagctgcecg tcatccctga gcaggggggce 3720
cacttcgtta agcatgtccc tgactcgcat gttttcecectg accaaatccg ccagaaggcyg 3780
ctcgecgece agcgatagca gttcecttgcaa ggaagcaaag tttttcaacg gtttgagacce 3840
gtcecgeecgta ggcatgettt tgagegtttg accaagcagt tccaggcggt cccacagcetce 3900
ggtcacctge tctacggcat ctcgatccag catatctcect cgtttegegg gttggggegy 3960
ctttecgetgt acggcagtag tceggtgctceg tccagacggg ccagggtcat gtetttecac 4020
gggcgcaggyg tcecctegtcag cgtagtetgg gtcacggtga aggggtgegce tceccegggetge 4080
gcgetggeca gggtgcgett gaggctggte ctgctggtge tgaagcegetg ccggtcetteg 4140
ccetgegegt cggccaggta gcecatttgace atggtgtcat agtccagcce ctececgeggeg 4200
tggcecttgg cgcgcagett geccttggag gaggcgecege acgaggggca gtgcagactt 4260
ttgagggcgt agagcttggg cgcgagaaat accgattcecg gggagtaggce atccgcegecg 4320
caggcccecgce agacggtcete gcecattceccacg agccaggtga getctggceeg tteggggtca 4380
aaaaccaggt ttcccccatg ctttttgatg cgtttcttac ctcectggttte catgageccgg 4440
tgtccacget cggtgacgaa aaggctgtce gtgtccceegt atacagactt gagagggagt 4500
ttaaacgaat tcaatagctt gttgcatggg cggcgatata aaatgcaagg tgctgctcaa 4560
aaaatcaggc aaagcctcgce gcaaaaaaga aagcacatceg tagtcatget catgcagata 4620
aaggcaggta agctccggaa ccaccacaga aaaagacacc atttttctcet caaacatgtce 4680
tgcgggttte tgcataaaca caaaataaaa taacaaaaaa acatttaaac attagaagcc 4740
tgtcttacaa caggaaaaac aacccttata agcataagac ggactacggc catgccggcg 4800
tgaccgtaaa aaaactggtc accgtgatta aaaagcacca ccgacagctce ctcecggtcatg 4860
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tcecggagtca taatgtaaga ctcggtaaac acatcaggtt gattcacatc ggtcagtget 4920
aaaaagcgac cgaaatagcc cgggggaata catacccgea ggcgtagaga caacattaca 4980
geecccatag gaggtataac aaaattaata ggagagaaaa acacataaac acctgaaaaa 5040
ccctectgee taggcaaaat agcaccctece cgetccagaa caacatacag cgcttccaca 5100
geggcageca taacagtcag ccttaccagt aaaaaagaaa acctattaaa aaaacaccac 5160
tcgacacgge accagctcaa tcagtcacag tgtaaaaaag ggccaagtgce agagcgagta 5220
tatataggac taaaaaatga cgtaacggtt aaagtccaca aaaaacaccc agaaaaccgce 5280
acgcgaacct acgcccagaa acgaaagcca aaaaacccac aacttcctca aatcgtcact 5340
tcegttttee cacgttacgt cacttcccat tttaagaaaa ctacaattcc caacacatac 5400
aagttactcce gccctaaaac ctacgtcacce cgecccegtte ccacgccceeyg cgccacgtca 5460
caaactccac cccctcatta tcatattgge ttcaatccaa aataaggtat attattgatg 5520
atgttaatta acatgcatgg atccatatgc ggtgtgaaat accgcacaga tgcgtaagga 5580
gaaaataccg catcaggcgce tctteccgett cctcegetcac tgactegetg cgeteggteg 5640
tteggetgeg gegageggta tcagctcact caaaggcecggt aatacggtta tccacagaat 5700
caggggataa cgcaggaaag aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta 5760
aaaaggccgce gttgctggeg tttttecata ggctceccgece cecctgacgag catcacaaaa 5820
atcgacgctce aagtcagagg tggcgaaacc cgacaggact ataaagatac caggcgtttce 5880
ccectggaag cteectegtyg cgetcetectg ttecgaccect gecgecttace ggatacctgt 5940
ccgectttet cectteggga agegtggcege tttetcatag ctcacgcectgt aggtatctca 6000
gttcggtgta ggtcgttcecge tccaagetgg getgtgtgca cgaacccceccce gttcageccy 6060
accgctgege cttatccggt aactatcgte ttgagtccaa cccggtaaga cacgacttat 6120
cgccactggce agcagccact ggtaacagga ttagcagagc gaggtatgta ggcggtgcta 6180
cagagttctt gaagtggtgg cctaactacg gctacactag aaggacagta tttggtatct 6240
gcgetetget gaagccagtt accttcggaa aaagagttgg tagctcttga tccggcaaac 6300
aaaccaccgce tggtagcggt ggtttttttg tttgcaagca gcagattacg cgcagaaaaa 6360
aaggatctca agaagatcct ttgatctttt ctacggggtc tgacgctcag tggaacgaaa 6420
actcacgtta agggattttg gtcatgagat tatcaaaaag gatcttcacc tagatccttt 6480
taaattaaaa atgaagtttt aaatcaatct aaagtatata tgagtaaact tggtctgaca 6540
gttaccaatg cttaatcagt gaggcaccta tctcagcgat ctgtctattt cgttcatcca 6600
tagttgcctg actccccecgte gtgtagataa ctacgatacg ggagggctta ccatctggcece 6660
ccagtgctgce aatgataccg cgagacccac gctcaccggce tccagattta tcagcaataa 6720
accagccage cggaagggcce gagcgcagaa gtggtcectge aactttatcce gccteccatce 6780
agtctattaa ttgttgccgg gaagctagag taagtagttc gccagttaat agtttgcgca 6840
acgttgttgce cattgctgca gccatgagat tatcaaaaag gatcttcacc tagatccttt 6900
tcacgtagaa agccagtccg cagaaacggt gctgaccccg gatgaatgtce agctactggg 6960
ctatctggac aagggaaaac gcaagcgcaa agagaaagca ggtagcettge agtgggcetta 7020
catggcgata gctagactgg geggttttat ggacagcaag cgaaccggaa ttgccagcetg 7080
gggcgccecte tggtaaggtt gggaagccct gcaaagtaaa ctggatgget ttettgecge 7140
caaggatctg atggcgcagg ggatcaagct ctgatcaaga gacaggatga ggatcgtttce 7200
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gcatgattga acaagatgga ttgcacgcag gttctccgge cgettgggtg gagaggctat 7260
tcggctatga ctgggcacaa cagacaatcg gctgctcetga tgccgecgtg tteecggetgt 7320
cagcgcaggg gcgceccggtt ctttttgtca agaccgacct gtccggtgece ctgaatgaac 7380
tgcaagacga ggcagcgcegg ctatcgtgge tggccacgac gggcgttcecet tgcgcagetg 7440
tgctcgacgt tgtcactgaa gcgggaaggg actggctget attgggcgaa gtgccggggce 7500
aggatctcct gtcatctcac cttgctectg ccgagaaagt atccatcatg getgatgcaa 7560
tgcggeggcet gecatacgett gatccggcta cctgcccatt cgaccaccaa gcgaaacatce 7620
gcatcgageg agcacgtact cggatggaag ccggtcecttgt cgatcaggat gatctggacyg 7680
aagagcatca ggggctecgeg ccagccgaac tgttegecag gctcaaggeyg agcatgeccg 7740
acggcgagga tctcegtcegtg acccatggceg atgectgett gecgaatatce atggtggaaa 7800
atggccgett ttctggatte atcgactgtg gcecggctggg tgtggcggac cgctatcagg 7860
acatagcgtt ggctaccegt gatattgctg aagagcttgg cggcgaatgg gctgaccgcet 7920
tcetegtget ttacggtatce gecgctecceg attegcageg catcgectte tatcgectte 7980
ttgacgagtt cttctgaatt ttgttaaaat ttttgttaaa tcagctcatt ttttaaccaa 8040
taggccgaaa tcggcaccat cccttataaa tcaaaagaat agaccgagat agggttgagt 8100
gttgttccag tttggaacaa gagtccacta ttaaagaacg tggactccaa cgtcaaaggg 8160
cgaaaaaccg tctatcaggg cgatggccca ctacgtgaac catcacccta atcaagtttt 8220
ttgtggtcga ggtgccgtaa agcactaaat cggaacccta aagggagccce ccgatttaga 8280
gecttgacggyg gaaagccgge gaacgtggceg agaaaggaag ggaagaaagce gaaaggageg 8340
ggcgcetaggyg cgctggcaag tgtageggtce acgctgegeg taaccaccac acccgcegege 8400
ttaatgcgcce gctacagggce gegtccattce gccattcagg atcgaattaa ttcttaatta 8460
a 8461

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 38
H: 956
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 38

Met Ala Ser
1

Leu Leu Pro

Met Lys Leu
35

Arg His Leu
50

Thr Tyr Leu
65

Glu Val Gln

Pro Leu Gln

Asn Tyr Ala

115

Ala Pro Ala

Glu Leu Ala Ala Leu

5

Pro Gly Ala Ala Ser

20

Arg Leu Pro Ala Ser

40

Tyr Gln Gly Cys Gln

55

Pro Thr Asn Ala Ser

70

Gly Tyr Val Leu Ile

85

Arg Leu Arg Ile Val

100

Leu Ala Val Leu Asp

120

Ala Gly Ala Thr Pro

Cys Arg Trp
10

Thr Gln Val
25

Pro Glu Thr

Val Val Gln

Leu Ser Phe
75

Ala His Asn
90

Arg Gly Thr
105

Asn Gly Asp

Gly Gly Leu

Synthetic Construct

Gly Leu Leu

Cys Thr Gly

His Leu Asp
45

Gly Asn Leu
60

Leu Gln Asp

Gln Val Arg

Gln Leu Phe
110

Pro Leu Asp
125

Gln Glu Leu

Leu Ala
15

Thr Asp

Met Leu

Glu Leu

Ile Gln
80

Gln Val
95
Glu Asp

Ser Val

Gln Leu
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314

Arg

145

Pro

Lys

Ala

Glu

Ala

225

Gln

Cys

Leu

Gly

Tyr

305

Asn

Ser

Arg

Cys

Gly

385

Trp

Ile

Gly

Ser

465

Thr

Cys

Gln

Glu
545

130

Ser

Gln

Asn

Cys

Ser

210

Cys

Cys

Leu

Val

Arg

290

Leu

Gln

Lys

Glu

Lys

370

Asp

Phe

Pro

Arg

Leu

450

Gly

Val

Ser

Tyr

Cys

530

Cys

Leu

Leu

Asn

His

195

Ser

Ala

Ala

His

Thr

275

Tyr

Ser

Glu

Pro

Ala

355

Lys

Pro

Glu

Asp

Gly

435

Gly

Leu

Pro

Gly

Ser
515

Val

Arg

Thr

Cys

Gln

180

Pro

Gln

Arg

Ala

Phe

260

Tyr

Thr

Thr

Val

Cys

340

Arg

Ile

Ala

Thr

Ser

420

Arg

Ile

Ala

Trp

Asn

500

Leu

Asn

Val

Glu

His

165

Leu

Cys

Asp

Cys

Gly

245

Asn

Asn

Phe

Asp

Thr

325

Ala

Ala

Phe

Ser

Leu

405

Phe

Ile

Ser

Leu

Asp

485

Arg

Cys

Cys

Leu

Ile

150

Gln

Ala

Ala

Cys

Lys

230

Cys

His

Thr

Gly

Val

310

Ala

Arg

Ile

Gly

Gly

390

Glu

Pro

Leu

Trp

Val

470

Gln

Pro

Ala

Ser

Gln
550

135 140

Leu Lys Gly Gly Val Leu Ile Arg Arg
155

Asp Thr Val Leu Trp Glu Asp Val Phe
170 175

Leu Val Leu Met Asp Thr Asn Arg Ser
185 190

Pro Met Cys Lys Ala Asn His Cys Trp
200 205

Gln Thr Leu Thr Arg Thr Ile Cys Thr
215 220

Ala Pro Leu Pro Thr Asp Cys Cys His
235

Thr Gly Pro Lys His Ser Asp Cys Leu
250 255

Ser Gly Ile Cys Glu Leu His Cys Pro
265 270

Asp Thr Phe Glu Ser Met Pro Asn Pro
280 285

Ala Ser Cys Val Thr Ala Cys Pro Tyr
295 300

Gly Ser Cys Thr Leu Val Cys Pro Leu
315

Glu Asp Gly Thr Gln Arg Cys Glu Lys
330 335

Val Cys Tyr Gly Leu Gly Met Glu His
345 350

Thr Ser Ala Asn Val Gln Asp Phe Val
360 365

Ser Leu Ala Phe Leu Pro Glu Ser Phe
375 380

Thr Ala Pro Leu Gln Pro Glu Gln Leu
395

Glu Ile Thr Gly Tyr Leu Tyr Ile Ser
410 415

Asn Leu Ser Val Phe Gln Asn Leu Arg
425 430

His Asn Gly Ala Tyr Ser Leu Thr Leu
440 445

Leu Gly Leu Arg Ser Leu Gln Glu Leu
455 460

His Arg Asn Ala Arg Leu Cys Phe Val
475

Leu Phe Arg Asn Pro His Gln Ala Leu
490 495

Glu Glu Asp Cys Val Gly Glu Gly Phe
505 510

His Gly His Cys Trp Gly Pro Gly Pro
520 525

His Phe Leu Arg Gly Gln Glu Cys Val
535 540

Gly Leu Pro Arg Glu Tyr Val Asn Ala
555

Ser

160

Arg

Arg

Gly

Ser

Glu

240

Ala

Ala

Glu

Asn

His

320

Cys

Leu

Gly

Asp

Gln

400

Ala

Val

Gln

Gly

His

480

Leu

Val

Thr

Glu

Arg
560
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316

Thr

Lys

Asp

Cys

625

Asp

Ile

Phe

Met

Phe

705

Ala

Thr

Ala

Glu

Asp

785

Ser

Pro

Ser

Lys

Gly

865

Phe

Ala

Ser

Glu
945

Cys

Cys

Asp

Leu

610

Gln

Lys

Ser

Gly

Arg

690

Tyr

Glu

Pro

Arg

Gly

770

Val

Leu

Thr

Cys

Ser

850

Ala

Val

Leu

Phe

Glu
930

Asn

Leu

Phe

Pro

595

Ser

Pro

Gly

Ala

Ile

675

Arg

Arg

Glu

Gly

Asn

755

Pro

Phe

Ser

Leu

Ser

835

Pro

Thr

Lys

Ala

Ser
915

Gln

Pro

Pro

Gly

580

Pro

Tyr

Cys

Cys

Val

660

Leu

Asn

Ser

Tyr

Thr

740

Gly

Pro

Asp

Pro

Pro

820

Pro

Leu

Leu

Asp

Pro
900
Pro

Gly

Glu

Cys

565

Pro

Phe

Met

Pro

Pro

645

Val

Ile

Glu

Leu

Leu

725

Gly

Gly

Arg

Gly

Gln

805

Leu

Gln

Thr

Glu

Val

885

Arg

Ala

Pro

Phe

<210> SEQ ID NO 39

<211> LENGTH:

2871

His

Glu

Cys

Pro

Ile

630

Ala

Gly

Lys

Asp

Leu

710

Val

Ser

Gly

Ser

Asp

790

Asp

Pro

Pro

Pro

Arg

870

Phe

Glu

Phe

Pro

Leu
950

Pro Glu Cys Gln Pro Gln Asn Gly Ser
570 575

Ala Asp Gln Cys Val Ala Cys Ala His
585 590

Val Ala Arg Cys Pro Ser Gly Val Lys
600 605

Ile Trp Lys Phe Pro Asp Glu Glu Gly
615 620

Asn Cys Thr His Ser Cys Val Asp Leu
635

Glu Gln Arg Ala Ser Pro Leu Thr Ser
650 655

Ile Leu Leu Val Val Val Leu Gly Val
665 670

Arg Arg Gln Gln Lys Ile Arg Lys Tyr
680 685

Leu Gly Pro Ser Ser Pro Met Asp Ser
695 700

Glu Asp Glu Asp Met Gly Glu Leu Val
715

Pro Gln Gln Gly Phe Phe Cys Pro Asp
730 735

Thr Ala His Arg Arg His Arg Ser Ser
745 750

Asp Leu Thr Leu Gly Met Glu Pro Ser
760 765

Pro Arg Ala Pro Ser Glu Gly Thr Gly
775 780

Leu Ala Val Gly Val Thr Lys Gly Leu
795

Leu Ser Pro Leu Gln Arg Tyr Ser Glu
810 815

Ser Glu Thr Asp Gly Lys Val Ala Pro
825 830

Glu Phe Val Asn Gln Ser Asp Val Gln
840 845

Glu Gly Pro Pro Ser Pro Ala Arg Pro
855 860

Ala Lys Thr Leu Ser Pro Gly Lys Asn
875

Thr Phe Gly Gly Ala Val Glu Asn Pro
890 895

Gly Thr Ala Ser Pro Pro His Pro Ser
905 910

Asp Asn Leu Phe Phe Trp Asp Gln Asn
920 925

Pro Ser Asn Phe Glu Gly Thr Pro Thr
935 940

Gly Leu Asp Val Pro Val
955

Val

Tyr

Pro

Ala

Asp

640

Ile

Val

Thr

Thr

Asp

720

Pro

Ser

Gly

Ser

Gln

800

Asp

Leu

Pro

Thr

Gly

880

Glu

Pro

Ser

Ala
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<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 39

atggctageg agctggecge cctgtgtaga tggggactge tgetggetet getgectect
ggagccgett ctacacaggt ctgcaccgge accgacatga agctgagact geccgccage
ccegagacac acctggacat getgcggeac ctgtaccagg gcetgccaggt ggtccagggg
aatctggaac tgacctacct gcccaccaac gecagcectga gcettectgea ggacatccag
gaagtgcagyg gctacgtcct gatcgeccac aaccaggtcee gecaggtgec cctgcagegyg
ctgagaatcg tgcggggcac ccagcetgttce gaggacaact acgccctgge cgtgetggac
aacggcgace ctctggatag cgtggecect getgetgggyg ctacacctgyg cggactgcag
gaactgcage tgcggagcect gaccgagatce ctgaagggceyg gegtgctgat caggceggage
cctecagetgt gccaccagga caccgtgetg tgggaggacyg tgttccggaa gaacaaccag
ctggeecteg tgctgatgga caccaacaga agecgggect gcecacccctyg cgcccccatg
tgcaaggcca atcactgctg gggagagagce agccaggact gcecagaccct gacccggace
atctgcacca gcgectgege cagatgcaag geccccectge ctaccgactyg ctgccacgaa
cagtgcgeeg ctggetgcac cggccccaag cacagcegatt gectggectyg cctgeactte
aaccacagcg gcatctgcga getgcactge cetgecctgg tgacatacaa caccgacace
ttcgagagca tgcccaacce cgagggecgg tacacctteg gegecagetyg tgtgaccgece
tgccectaca actacctgag caccgacgtg ggcagctgea cectggtgtyg cccectgcac
aaccaggaag tgaccgccga ggacggcacce cagagatgeg agaagtgcag caagecttge
gecagagtgt gctacggect gggcatggaa cacctgagag aggccagagce catcaccagce
gccaacgtyge aggacttcegt gggctgcaag aagatttteg getccctgge cttectgece
gagagctteg acggcgatce tgcctetgge accgeccecte tgcagectga gcagetgeag
gtettcegaga cactggaaga gatcaccgge tacctgtaca tcagcegectg geccgacage
ttccecaace tgagegtgtt ccagaacctg agagtgatcece ggggcagaat cctgcacaac
ggcgectaca gectgaccect gcagggectg ggaatcaget ggetgggect geggagectg
caggaactgg gatctggect ggctctggtg caccggaacyg cceeggetgtyg cttegtgcac
accgtgccct gggaccagcet gttcagaaac ccccaccagyg ctetgctgea cagceggcaac
cggcecgaag aggattgegt gggcgaggge ttegtgtget actecctgtyg cgcccacgge
cactgttggg gacctggcce tacccagtge gtgaactgeca gccacttect gceggggccaa
gaatgcegtygyg aagagtgccg ggtgetgcag ggactgecce gggaatacgt gaacgccaga
cactgectge cttgecacce cgagtgecag ceccagaatyg gcagegtgac ctgcettegga
ccegaggeceg atcagtgtgt ggectgegece cactacaagyg accccccatt ctgegtggece
agatgcccca gceggegtgaa geccgacctyg agetacatge ccatctggaa gttecccgac
gaggaaggcyg cctgccagece ttgecccatce aactgcaccce acagctgegt ggacctggac
gacaagggct gccctgccga gcagagagcece agcccectga ccagcatcat cagegccgtg
gtgggaatce tgetggtggt ggtgetggge gtggtgtteg geatcctgat caageggegy
cagcagaaga tccggaagta caccatgegg cggaacgagyg acctgggece ctctagecce

atggacagca ccttctacceg gtecectgetyg gaagatgagg acatgggega getggtggac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



319

US 9,468,672 B2

320

-continued
gccgaggaat acctggtgce tcagcagggce ttcttetgec ccgaccctac ccecectggcacce 2220
ggctctaceyg cccacagacg gcacagaagce agcagcgceca gaaacggegg aggcgacctg 2280
accctgggaa tggaacctag cggcgaggga cctcccagaa gcecctagage ccctagegag 2340
ggcaccggea gcgacgtgtt cgatggegat ctggcegtgg gegtgaccaa gggactgcag 2400
agcctgagece cccaggacct gtcccecectg cagagataca gcgaggacce caccctgece 2460
ctgcecageg agacagatgg caaggtggece ceectgaget gcagecctca gceccgagtte 2520
gtgaaccaga gcgacgtgca gcccaagtcece cccctgacac ccgagggacce tccaagcect 2580
gccagaccta ceggegecac cctggaaaga gccaagaccce tgagcccegg caagaacgge 2640
gtggtgaaag acgtgttcac cttcggaggc gccgtggaaa accccgagtt cctggccccce 2700
agagagggca cagccagecce tccacacccece ageccagect tetecccege cttegacaac 2760
ctgttettet gggaccagaa cagcagcgag cagggceccac cccccagcaa tttegaggge 2820
acccccaccg ccgagaatcece tgagttectg ggecctggacg tgccecgtgtg a 2871

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 40
H: 471
PRT

<213> ORGANISM: Artificial

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Met Asp Trp
1

Ala His Ser
Pro Gly Ala
35

Thr Gly Tyr
50

Glu Trp Met
65

Gln Lys Phe

Thr Ala Tyr

Tyr Tyr Cys

115

Cys Ser Tyr
130

Ser Ala Ser
145

Arg Ser Thr

Tyr Phe Pro

Ser Gly Val

195

Ser Leu Ser
210

Thr Tyr Thr
225

RE:

NCE: 40

Thr Trp Arg Ile Leu

5

Gln Val Gln Leu Val

20

Ser Val Lys Val Ser

40

Tyr Met His Trp Val

55

Gly Trp Ile Asn Pro

Gln Gly Arg Val Thr

85

Met Glu Leu Asn Arg

100

Ala Arg Asp Gln Pro

120

Phe Asp Tyr Trp Gly

135

Thr Lys Gly Pro Ser
150

Ser Glu Ser Thr Ala

165

Glu Pro Val Thr Val

180

His Thr Phe Pro Ala

200

Ser Val Val Thr Val

215

Cys Asn Val Asp His
230

Phe Leu Val
10

Gln Ser Gly
25

Cys Lys Ala

Arg Gln Ala

Asp Ser Gly

Met Thr Arg
90

Leu Arg Ser
105

Leu Gly Tyr

Gln Gly Thr

Val Phe Pro
155

Ala Leu Gly
170

Ser Trp Asn
185

Val Leu Gln

Pro Ser Ser

Lys Pro Ser
235

Synthetic Construct

Ala Ala Ala
Ala Glu Val
30

Ser Gly Tyr
45

Pro Gly Gln
60

Gly Thr Asn

Asp Thr Ser

Asp Asp Thr

110

Cys Thr Asn
125

Leu Val Thr
140

Leu Ala Pro

Cys Leu Val
Ser Gly Ala
190

Ser Ser Gly
205

Asn Phe Gly
220

Asn Thr Lys

Thr Gly

15

Lys Lys

Thr Phe

Gly Leu

Tyr Ala

Ile Ser

95

Ala Val

Gly Val

Val Ser

Cys Ser

160

Lys Asp

175

Leu Thr

Leu Tyr

Thr Gln

Val Asp
240
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-continued

322

Lys

Pro

Asp

Asp

Gly

305

Asn

Trp

Pro

Glu

Asn

385

Ile

Thr

Lys

Cys

Leu
465

<210>
<211>
<212>
<213>
<220>
<223>

Thr

Pro

Thr

Val

290

Val

Ser

Leu

Ala

Pro

370

Gln

Ala

Thr

Leu

Ser

450

Ser

Val

Val

Leu

275

Ser

Glu

Thr

Asn

Pro

355

Gln

Val

Val

Pro

Thr

435

Val

Leu

Glu

Ala

260

Met

His

Val

Phe

Gly

340

Ile

Val

Ser

Glu

Pro

420

Val

Met

Ser

PRT

<400> SEQUENCE:

Met Arg Leu Pro

1

Gly

Ala

Ile

Asn
65
Arg

Ser

Ile

Ser

Ser

Tyr

50

Leu

Phe

Leu

Phe

Arg

Val

35

Ser

Leu

Ser

Gln

Pro
115

Cys

20

Gly

Trp

Ile

Gly

Pro

100

Leu

Arg

245

Gly

Ile

Glu

His

Arg

325

Lys

Glu

Tyr

Leu

Trp

405

Met

Asp

His

Pro

SEQ ID NO 41
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

234

41

Ala

Asp

Asp

Leu

Tyr

Ser

85

Glu

Thr

Lys

Pro

Ser

Asp

Asn

310

Val

Glu

Lys

Thr

Thr

390

Glu

Leu

Lys

Glu

Gly
470

Gln

Ile

Arg

Ala

Thr

70

Gly

Asp

Phe

Cys

Ser

Arg

Pro

295

Ala

Val

Tyr

Thr

Leu

375

Cys

Ser

Asp

Ser

Ala

455

Lys

Cys

Val

Thr

280

Glu

Lys

Ser

Lys

Ile

360

Pro

Leu

Asn

Ser

Arg

440

Leu

Val

Phe

265

Pro

Val

Thr

Val

Cys

345

Ser

Pro

Val

Gly

Asp

425

Trp

His

Glu

250

Leu

Glu

Gln

Lys

Leu

330

Lys

Lys

Ser

Lys

Gln

410

Gly

Gln

Asn

Cys

Phe

Val

Phe

Pro

315

Thr

Val

Thr

Arg

Gly

395

Pro

Ser

Gln

His

Pro

Pro

Thr

Asn

300

Arg

Val

Ser

Lys

Glu

380

Phe

Glu

Phe

Gly

Tyr
460

Synthetic Construct

Leu

Gln

Val

Trp

55

Ala

Ser

Phe

Gly

Leu

Met

Thr

40

Tyr

Ser

Gly

Ala

Gly
120

Gly
Thr
25

Ile

Gln

Thr

Thr

Thr

105

Gly

Leu

10

Gln

Thr

Gln

Leu

Asp
90

Tyr

Thr

Leu

Ser

Cys

Lys

Gln

75

Phe

Tyr

Lys

Leu

Pro

Arg

Pro

60

Ser

Thr

Cys

Val

Pro

Pro

Cys

285

Trp

Glu

Val

Asn

Gly

365

Glu

Tyr

Asn

Phe

Asn

445

Thr

Leu

Ser

Ala

45

Gly

Gly

Leu

Gln

Glu
125

Cys

Lys

270

Val

Tyr

Glu

His

Lys

350

Gln

Met

Pro

Asn

Leu

430

Val

Gln

Trp

Ser

30

Ser

Lys

Val

Thr

Gln
110

Ile

Pro

255

Pro

Val

Val

Gln

Gln

335

Gly

Pro

Thr

Ser

Tyr

415

Tyr

Phe

Lys

Phe

15

Val

Gln

Ala

Pro

Ile
95

Ala

Lys

Ala

Lys

Val

Asp

Phe

320

Asp

Leu

Arg

Lys

Asp

400

Lys

Ser

Ser

Ser

Pro

Ser

Gly

Pro

Ser

80

Ser

Asn

Arg
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-continued

324

Thr

Leu

145

Pro

Gly

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

Val

130

Lys

Arg

Asn

Ser

Lys

210

Thr

Ala

Ser

Glu

Ser

Leu

195

Val

Lys

Ala

Gly

Ala

Gln

180

Ser

Tyr

Ser

PRT

<400> SEQUENCE:

Gln

1

Ser

Gly

Ala

Lys

65

Leu

Ala

Asp

Lys

Glu

145

Pro

Thr

Asn

Arg
225

Gly

Val Gln Leu

Leu

Met

Val

50

Gly

Gln

Arg

Val

Gly

130

Ser

Val

Phe

Val

Val

210

Lys

Pro

Arg

His

35

Ile

Arg

Met

Asp

Trp

115

Pro

Thr

Thr

Pro

Thr

195

Asp

Cys

Ser

Leu

20

Trp

Trp

Phe

Asn

Pro

100

Gly

Ser

Ala

Val

Ala

180

Val

His

Cys

Val

Pro Ser

Thr Ala
150

Lys Val

165

Glu Ser

Ser Thr

Ala Cys

Phe Asn
230

SEQ ID NO 42
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

451

42

Val Glu

Ser Cys

Val Arg

Tyr Asp

Thr Ile

70

Ser Leu

Arg Gly

Gln Gly

Val Phe

Ala Leu

150

Ser Trp
165

Val Leu

Pro Ser

Lys Pro

Val Glu

230

Phe Leu
245

Val

135

Ser

Gln

Val

Leu

Glu

215

Arg

Phe

Val

Trp

Thr

Thr

200

Val

Gly

Ile

Val

Lys

Glu

185

Leu

Thr

Glu

Phe

Cys

Val

170

Gln

Ser

His

Cys

Pro

Leu

155

Asp

Asp

Lys

Gln

Pro

140

Leu

Asn

Ser

Ala

Gly
220

Synthetic Construct

Ser

Ala

Gln

Gly

55

Ser

Arg

Ala

Thr

Pro

135

Gly

Asn

Gln

Ser

Ser
215

Cys

Phe

Gly

Ala

Ala

40

Ser

Arg

Ala

Thr

Thr

120

Leu

Cys

Ser

Ser

Asn
200
Asn

Pro

Pro

Gly

Ser

25

Pro

Asn

Asp

Glu

Leu

105

Val

Ala

Leu

Gly

Ser

185

Phe

Thr

Pro

Pro

Gly

10

Gly

Gly

Lys

Asn

Asp

Tyr

Thr

Pro

Val

Ala

170

Gly

Gly

Lys

Cys

Lys
250

Val

Phe

Lys

Tyr

Ser

75

Thr

Tyr

Val

Cys

Lys

155

Leu

Leu

Thr

Val

Pro

235

Pro

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Ser

Ser

140

Asp

Thr

Tyr

Gln

Asp
220

Ala

Lys

Ser

Asn

Ala

Lys

Asp

205

Leu

Gln

Phe

Leu

45

Ala

Asn

Val

Tyr

Ser

125

Arg

Tyr

Ser

Ser

Thr

205

Lys

Pro

Asp

Asp

Asn

Leu

Asp

190

Tyr

Ser

Pro

Ser

30

Glu

Asp

Thr

Tyr

Tyr

110

Ala

Ser

Phe

Gly

Leu

190

Tyr

Thr

Pro

Thr

Glu

Phe

Gln

175

Ser

Glu

Ser

Gly

15

Ser

Trp

Ser

Leu

Tyr

95

Gly

Ser

Thr

Pro

Val

175

Ser

Thr

Val

Val

Leu
255

Gln

Tyr

160

Ser

Thr

Lys

Pro

Arg

Tyr

Val

Val

Tyr

80

Cys

Met

Thr

Ser

Glu

160

His

Ser

Cys

Glu

Ala
240

Met
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-continued

326

Ile

Glu

Arg

305

Lys

Glu

Tyr

Leu

Trp

385

Met

Asp

Pro

<210>
<211>
<212>
<213>
<220>
<223>

Ser

Asp

Asn

290

Val

Glu

Lys

Thr

Thr

370

Glu

Leu

Lys

Glu

Gly
450

Arg

Pro

275

Ala

Val

Tyr

Thr

Leu

355

Cys

Ser

Asp

Ser

Ala

435

Lys

Thr

260

Glu

Lys

Ser

Lys

Ile

340

Pro

Leu

Asn

Ser

Arg

420

Leu

PRT

<400> SEQUENCE:

Asp

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

Pro

Thr

Lys
145

Ile

Arg

Asp

Ala

Gly

Asp

Phe

Ser

Ala

130

Val

Gln

Val

Trp

35

Ala

Ser

Phe

Gly

Val

115

Ser

Gln

Met

Thr

20

Tyr

Ser

Gly

Ala

Pro
100
Phe

Val

Trp

Pro Glu

Val Gln

Thr Lys

Val Leu
310

Cys Lys
325

Ser Lys

Pro Ser

Val Lys

Gly Gln

390

Asp Gly
405

Trp Gln

His Asn

SEQ ID NO 43
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

214

43

Thr Gln

Ile Thr

Gln Gln

Ser Leu

Thr Asp

70

Thr Tyr

85

Gly Thr

Ile Phe

Val Cys

Lys Val
150

Val

Phe

Pro

295

Thr

Val

Thr

Arg

Gly

375

Pro

Ser

Gln

His

Thr

Asn

280

Arg

Val

Ser

Lys

Glu

360

Phe

Glu

Phe

Gly

Tyr
440

Cys

265

Trp

Glu

Val

Asn

Gly

345

Glu

Tyr

Asn

Phe

Asn

425

Thr

Val

Tyr

Glu

His

Lys

330

Gln

Met

Pro

Asn

Leu

410

Val

Gln

Val

Val

Gln

Gln

315

Gly

Pro

Thr

Ser

Tyr

395

Tyr

Phe

Lys

Val Asp Val

Asp

Phe

300

Asp

Leu

Arg

Lys

Asp

380

Lys

Ser

Ser

Ser

Synthetic Construct

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

Pro

Leu
135

Asp

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Pro

120

Leu

Asn

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105
Ser

Asn

Ala

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Asp

Asn

Leu

Leu

Gln

Ala

Pro

Ile

75

Tyr

Lys

Glu

Phe

Gln
155

Ser

Ser

Pro

Ser

Ser

Tyr

Arg

Gln

Tyr
140

Ser

Gly

285

Asn

Trp

Pro

Glu

Asn

365

Ile

Thr

Lys

Cys

Leu
445

Ala

Ile

Lys

45

Arg

Ser

Ser

Thr

Leu
125

Pro

Gly

270

Val

Ser

Leu

Ala

Pro

350

Gln

Ala

Thr

Leu

Ser

430

Ser

Ser

Asn

30

Leu

Phe

Leu

Thr

Val

110

Lys

Arg

Asn

Ser

Glu

Thr

Asn

Pro

335

Gln

Val

Val

Pro

Thr

415

Val

Leu

Val

15

Ser

Leu

Ser

Gln

Pro

95

Ala

Ser

Glu

Ser

His

Val

Phe

Gly

320

Ile

Val

Ser

Glu

Pro

400

Val

Met

Ser

Gly

Tyr

Ile

Gly

Pro

80

Phe

Ala

Gly

Ala

Gln
160
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327

-continued

328

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> SEQ ID NO 44

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 44

tcgtegtttt gtegttttgt cgtt

<210> SEQ ID NO 45

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 45

tcgtegtttt teggtgettt t

<210> SEQ ID NO 46

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 46

tcgtegtttt teggtegttt t

<210> SEQ ID NO 47

<211> LENGTH: 239

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 47

Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu
1 5 10 15

Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
20 25 30

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
35 40 45

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

Leu Thr Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 70 75 80

Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 90 95

Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

24

21

21
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-continued

330

Ile
Asn
145

Gly

Pro

Ser

225

<210>
<211>
<212>
<213>

<400>

Lys

Asp

130

Tyr

Ile

Gln

Val

Lys

210

Thr

Phe

115

Phe

Asn

Lys

Leu

Leu

195

Asp

Ala

Glu

Lys

Ser

Val

Ala

180

Leu

Pro

Ala

PRT

SEQUENCE :

Met Asp Ile Asp

1

Ser

Thr

Ser

Leu

65

Ser

Ile

Glu

Pro

Glu

145

Arg

Arg

Phe

Ala

Pro

50

Met

Arg

Arg

Thr

Pro

130

Thr

Thr

Ser

Leu

Ser

35

His

Thr

Asp

Gln

Val

115

Ala

Thr

Pro

Gln

Pro

20

Ala

His

Leu

Leu

Leu

100

Leu

Tyr

Val

Ser

Ser
180

Gly

Glu

His

Asn

165

Asp

Pro

Asn

Gly

SEQ ID NO 48
LENGTH:
TYPE :
ORGANISM: Orthohepadnavirus hepatitis

185

48

Pro

Ser

Leu

Thr

Ala

Val

85

Leu

Glu

Arg

Val

Pro

165

Arg

<210> SEQ ID NO 49

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Orthohepadnavirus hepatitis B virus

PRT

<400> SEQUENCE:

226

49

Asp

Asp

Asn

150

Phe

His

Asp

Glu

Ile
230

Tyr

Asp

Tyr

Ala

Thr

70

Val

Trp

Tyr

Pro

Arg

150

Arg

Glu

Thr

Gly

135

Val

Lys

Tyr

Asn

Lys

215

Thr

Lys

Phe

Arg

Leu

55

Trp

Asn

Phe

Leu

Pro

135

Arg

Arg

Ser

Leu

120

Asn

Tyr

Ile

Gln

His

200

Arg

Leu

Glu

Phe

Glu

40

Arg

Val

Tyr

His

Val

120

Asn

Arg

Arg

Gln

Val

Ile

Ile

Arg

Gln

185

Tyr

Asp

Gly

Phe

Pro

25

Ala

Gln

Gly

Val

Ile

105

Ser

Ala

Gly

Arg

Cys
185

Asn

Leu

Met

His

170

Asn

Leu

His

Met

Gly

10

Ser

Leu

Ala

Asn

Asn

90

Ser

Phe

Pro

Arg

Ser
170

Arg

Gly

Ala

155

Asn

Thr

Ser

Met

Asp
235

Ala

Val

Glu

Ile

Asn

75

Thr

Cys

Gly

Ile

Gly

155

Gln

Ile

His

140

Asp

Ile

Pro

Thr

Val

220

Glu

Glu Leu Lys

125

Lys

Lys

Glu

Ile

Gln

205

Leu

Leu

B virus

Thr

Arg

Ser

Leu

60

Leu

Asn

Leu

Val

Leu

140

Arg

Ser

Val

Asp

Pro

45

Cys

Glu

Met

Thr

Trp

125

Ser

Ser

Pro

Leu

Gln

Asp

Gly

190

Ser

Leu

Tyr

Glu

Leu

30

Glu

Trp

Asp

Gly

Phe

110

Ile

Thr

Pro

Arg

Glu

Lys

Gly

175

Asp

Ala

Glu

Lys

Leu

15

Leu

His

Gly

Pro

Leu

95

Gly

Arg

Leu

Arg

Arg
175

Gly

Tyr

Asn

160

Ser

Gly

Leu

Phe

Leu

Asp

Cys

Glu

Ala

80

Lys

Arg

Thr

Pro

Arg

160

Arg

Met Glu Asn Ile Thr Ser Gly Phe Leu Gly Pro Leu Leu Val Leu Gln

1

5

10

15
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-continued

332

Ala

Asp

Leu

Cys

65

Ile

Leu

Ser

Gln

Gly

145

Tyr

Ser

Tyr
225

<210>
<211>
<212>
<213>
<220>
<223>

Gly

Ser

Gly

50

Pro

Ile

Leu

Thr

Gly

130

Asn

Leu

Pro

Ala

Ser

210

Ile

Phe

Trp

35

Gln

Pro

Phe

Asp

Thr

115

Asn

Cys

Trp

Phe

Ile

195

Pro

Phe

20

Trp

Asn

Ile

Leu

Tyr

100

Thr

Ser

Thr

Glu

Val

180

Trp

Phe

PRT

<400> SEQUENCE:

Met

1

Val

Ser

Phe

Phe

65

Ala

Glu

Pro

Thr

Ala

Pro

Ser

Leu

50

Thr

Lys

Leu

Asn

Ser
130

Ser

Gly

Ser

35

Asp

Gln

Gln

Thr

Tyr

115

Leu

Glu

Ser

20

Glu

Glu

Ile

Ile

His
100

Ile

Phe

Leu

Thr

Ser

Cys

Phe

85

Gln

Ser

Met

Cys

Trp

165

Gln

Met

Ile

SEQ ID NO 50
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

737

50

Thr

5

Thr

Ala

Leu

Pro

Gln

85

Tyr

Ser

Glu

Leu

Ser

Gln

Pro

70

Ile

Gly

Thr

Phe

Ile

150

Ala

Trp

Met

Pro

Asp

Gly

Thr

Lys

His

70

Ser

Asp

Ile

Pro

Thr

Leu

Ser

55

Gly

Leu

Met

Gly

Pro

135

Pro

Ser

Phe

Trp

Leu
215

Thr

Asp

Asn

Ala

55

Leu

Gln

Val

Ile

Pro
135

Arg

Asn

40

Pro

Tyr

Leu

Leu

Pro

120

Ser

Ile

Val

Val

Tyr

200

Leu

Leu

Ala

Ile

Glu

Ala

Trp

Leu

Asn

120

Pro

Ile

Phe

Thr

Arg

Leu

Pro

105

Cys

Cys

Pro

Arg

Gly

185

Trp

Pro

Leu

Ala

25

Thr

Asn

Gly

Lys

Leu
105

Glu

Ala

Leu

Leu

Ser

Trp

Cys

90

Val

Lys

Cys

Ser

Phe

170

Leu

Gly

Ile

Leu

10

His

Pro

Ile

Thr

Glu
90
Ser

Asp

Gly

Thr

Gly

Asn

Met

75

Leu

Cys

Thr

Cys

Ser

155

Ser

Ser

Pro

Phe

Trp

His

Lys

Lys

Glu

75

Phe

Tyr

Gly

Tyr

Ile

Gly

His

60

Cys

Ile

Pro

Cys

Thr

140

Trp

Trp

Pro

Ser

Phe
220

Synthetic Construct

Val

His

His

Lys

60

Gln

Gly

Pro

Asn

Glu
140

Pro

Ser

45

Ser

Leu

Phe

Leu

Thr

125

Lys

Ala

Leu

Thr

Leu

205

Cys

Leu

His

Asn

45

Phe

Asn

Leu

Asn

Glu

125

Asn

Gln

30

Pro

Pro

Arg

Leu

Ile

110

Thr

Pro

Phe

Ser

Val

190

Tyr

Leu

Leu

His

30

Met

Leu

Phe

Asp

Lys

110

Ile

Val

Ser

Val

Thr

Arg

Leu

95

Pro

Pro

Thr

Ala

Leu

175

Trp

Ser

Trp

Leu

15

His

Lys

His

Gln

Ser

95

Thr

Phe

Ser

Leu

Cys

Ser

Phe

80

Val

Gly

Ala

Asp

Lys

160

Leu

Leu

Ile

Val

Trp

Lys

Ala

Asn

Leu

80

Val

His

Asn

Asp



333

US 9,468,672 B2

-continued

334

Ile

145

Asp

Glu

Tyr

Gly

Pro

225

Thr

Glu

Asp

Ser

305

Phe

Thr

Ala

Trp

Glu

385

Arg

Leu

Arg

Thr

Leu

465

Leu

Pro

Gln

Glu

Thr
545

Val

Leu

Arg

Gly

Ala

210

Gly

Gln

Pro

Ala

Ala

290

Ser

Thr

Ser

Val

Val

370

Ile

Arg

Gly

Gly

Leu

450

Thr

Tyr

Arg

Arg

Thr
530

Tyr

Thr

Pro

Val

Asp

Lys

195

Thr

Val

Arg

Gly

Val

275

Gln

Trp

Gly

Glu

Glu

355

Phe

Val

Thr

Ser

Val

435

Arg

Lys

Glu

Ile

Leu
515
Asn

Glu

Val

Pro

Tyr

Met

180

Val

Gly

Lys

Gly

Tyr

260

Gly

Lys

Arg

Asn

Val

340

Pro

Gly

Arg

Ile

Thr

420

Ala

Val

Glu

Ser

Ser

500

Gly

Lys

Leu

Ala

Phe

Val

165

Lys

Phe

Val

Ser

Asn

245

Pro

Leu

Leu

Gly

Phe

325

Thr

Asp

Gly

Ser

Leu

405

Glu

Tyr

Asp

Leu

Trp

485

Lys

Ile

Phe

Val

Gln

Ser

150

Asn

Ile

Arg

Ile

Tyr

230

Ile

Ala

Pro

Leu

Ser

310

Ser

Arg

Arg

Ile

Phe

390

Phe

Trp

Ile

Cys

Glu

470

Thr

Leu

Ala

Ser

Glu
550

Val

Ala

Tyr

Asn

Gly

Leu

215

Pro

Leu

Asn

Ser

Glu

295

Leu

Thr

Ile

Tyr

Asp

375

Gly

Ala

Ala

Asn

Thr

455

Ser

Lys

Gly

Ser

Ser
535

Lys

Arg

Phe

Ala

Cys

Asn

200

Tyr

Asp

Asn

Glu

Ile

280

Lys

Lys

Gln

Tyr

Val

360

Pro

Thr

Ser

Glu

Ala

440

Pro

Pro

Ser

Ser

Gly
520
Tyr

Phe

Gly

Ser

Arg

Ser

185

Lys

Ser

Gly

Leu

Tyr

265

Pro

Met

Val

Lys

Asn

345

Ile

Gln

Leu

Trp

Glu

425

Asp

Leu

Asp

Pro

Gly

505

Arg

Pro

Tyr

Gly

Pro

Thr

170

Gly

Val

Asp

Trp

Asn

250

Ala

Val

Gly

Pro

Val

330

Val

Leu

Ser

Lys

Asp

410

Asn

Ser

Met

Glu

Ser

490

Asn

Ala

Leu

Asp

Met

Gln

155

Glu

Lys

Lys

Pro

Asn

235

Gly

Tyr

His

Gly

Tyr

315

Lys

Ile

Gly

Gly

Lys

395

Ala

Ser

Ser

Tyr

Gly

475

Pro

Asp

Arg

Tyr

Pro
555

Val

Gly Met Pro

Asp

Ile

Asn

Ala

220

Leu

Ala

Arg

Pro

Ser

300

Asn

Met

Gly

Gly

Ala

380

Glu

Glu

Arg

Ile

Ser

460

Phe

Glu

Phe

Tyr

His

540

Met

Phe

Phe

Val

Ala

205

Asp

Pro

Gly

Arg

Ile

285

Ala

Val

His

Thr

His

365

Ala

Gly

Glu

Leu

Glu

445

Leu

Glu

Phe

Glu

Thr
525
Ser

Phe

Glu

Phe

Ile

190

Gln

Tyr

Gly

Asp

Gly

270

Gly

Ser

Gly

Ile

Leu

350

Arg

Val

Trp

Phe

Leu

430

Gly

Val

Gly

Ser

Val

510

Lys

Val

Lys

Leu

Glu

Lys

175

Ala

Leu

Phe

Gly

Pro

255

Ile

Tyr

Pro

Pro

His

335

Arg

Asp

Val

Arg

Gly

415

Gln

Asn

Tyr

Lys

Gly

495

Phe

Asn

Tyr

Tyr

Ala

Gly

160

Leu

Arg

Ala

Ala

Gly

240

Leu

Ala

Tyr

Asp

Gly

320

Ser

Gly

Ser

His

Pro

400

Leu

Glu

Tyr

Asn

Ser

480

Met

Phe

Trp

Glu

His
560

Asn
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335

-continued

336

Ser

Lys

Met

Asn

625

Asp

Phe

Phe

Gly

Lys

705

Ile

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Val

Tyr

Lys

610

Phe

Lys

Leu

Tyr

Glu

690

Val

Ala

Val

Ala

595

Thr

Thr

Ser

Glu

Arg

675

Ser

Asp

Thr

Leu

580

Asp

Tyr

Glu

Asn

Arg

660

His

Phe

Pro

Phe

SEQ ID NO
LENGTH: 9
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Synthetic Construct

PRT

SEQUENCE :

565

Pro

Lys

Ser

Ile

Pro

645

Ala

Val

Pro

Ser

Thr

725

51

51

Phe

Ile

Val

Ala

630

Ile

Phe

Ile

Gly

Gln

710

Val

570 575

Asp Cys Arg Asp Tyr Ala Val Val Leu
585 590

Tyr Asn Ile Ser Met Lys His Pro Gln
600 605

Ser Phe Asp Ser Leu P